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ON    THE   COMPANIONS   OF   THE   PERIODIC   COMET  1889  V, 

By  S.  C.  CHANDLER. 


Only  one  of  the  components  of  tins  comet  has  apparently 
been  seen  at  this  return.  It  has  been  generally  assumed 
that  this  is  identical  with  the  fragment  A  seen  in  L889. 
It  appears  to  me,  however,  that  such  identity  has  yet  to  be 
demonstrated  ;  that  it  is  indeed  unite  problematical,  in  view 
of  the  great  alternations  in  the  size  and  brightness  of  the 
four  components  seen  in  1889.  In  support  of  this  view  I 
need  only  recall  the  fact  that  during  the  latter  part  of 
August  and  the  early  part  of  September  of  that  year,  the 
fragment  C  was  actually  brighter  than  A.  Indeed,  at  one 
time  even  B,  according  to  Barnard,  had  a  brighter  nucleus 
than  C,  and  a  smaller  and  less  diffused  coma.  There  is 
danger  then  that,  unless  another  component  is  discerned  at 
this  appearance,  the  theory  of  the  comet  will  be  left  in  an 
imperfect  condition,  —  resting  as  it  does  on  the  unstable 
hypothesis  referred  to.  The  case  is  analogous  to  that 
of  Biela's  comet,  where  the  classical  discussion  by  Hub- 
bard left  the  identity  of  the  components  seen  in  1846  and 
IN."")!'  an  unsettled  question. 

The  matter  deserves  the  serious  attention  of  astronomers. 
I  accordingly  give  an  ephemeris  of  the  component  C  for 
October,  from  which  it  will  be  seen  that  its  general  situ- 
ation with  reference  to  A  is  about  128.5  following,  and  1  '.4 
north.  In  my  discussion  of  the  relative  orbits,  A.J.,  X,  153, 
161,  I  found  that  the  planes  and  eccentricities  of  the  orbits 


of  A  and  C  were  the  same,  and  that  the  differences  of  the 
other  elements  could  be  expressed,  in  the  sense  A—  C,  by 

AT  =  -0d.2321 
/]u>  =  -186".28 
Jq    =   -0.000456 

Applying  these  differences  to  Bauschinger's  eli 
(if  .1,   with  the  perturbations  as   brought  up  to    L896   by 
Poor,  and  corrected  by  the  current   observations   of  the 
present  comet,  on  the  assumption  of  its  identity  with  J, 
we  have  the  elements  of  C, 

T  =  1896  Nov.  3.9297  Greenw.M.T. 


0)      = 

343  44  39.6 

a  = 

18     1     7.8 

i    = 

6     3  84.1 

log  «    = 

0.567264 

M    = 

500".161 

nee  the  following  ephemeris 

for  C, 

896  Gr.  M.T. 

A  pp.  a 

App.  & 

log  A 

Oct.    3.5 

22     8  15 

-17     8.3 

0.05228 

i  ..> 

8  4S 

16  40.0 

.06154 

11.5 

9  53 

16     9.1 

.n7i.';'.i 

15.5 

11  29 

15  35.9 

.08174 

19.5 

13  36 

15     0.3 

.09252 

23.5 

16  10 

14  22.7 

.10363 

27.5 

19  14 

13.2 

.11  199 

31.5 

22  22  43 

-12  59.6 

0.12650 

REDISCOVERY  AND  MEASUREMENT   OF   THE   COMPANION   OF   SIRIUS, 


MADE    WITH    THE   24-IUCH    IiEFRACTO 

By  T.  .1 
Twenty  minutes  before  sunrise  on  the  morning  of  August 
31,  Mr.  Douglass  kindly  interrupted  his  regular  work  on 
Mars,  in  order  to  enable  us  to  make  a  search  for  the  com- 
panion of  Sirius.  The  air  was  perfectly  steady  and  clear 
from  recent  rains,  and  the  seeing  magnificent.  On  point- 
ing the  great  telescope  on  Sirius  I  found  nevertheless  that 
the  image  was  surrounded  by  considerable  light,  and  for 
five  minutes  a  search  in  the  open  field  proved  unavailing. 
A  diaphragm  was  then  inserted  to  screen  off  the  light  of 


Hi   OF  THE   LOWELL   OBSERVATORY, 
J.  SEE. 

the  great  star,  and  to  enable  us  to  examine  the  field  more 
thoroughly  for  the  faint  satellite.  "Within  a  few  minutes 
I  perceived  a  faint  star  of  the  11th  magnitude  in  the  third 
quadrant  of  position-angle;  I  noted  the  distance  of  the 
object  as  "between  4  and  5  seconds."  On  calling  Mr. 
Douglass  and  Mr.  Cogshall  to  the  telescope  they  recog- 
nized the  star,  and  I  proceeded  at  once  to  measure  the 
object.  The  seeing  seemed  to  improve  with  the  app: 
of  sunrise,  and  the  object  became   easier,  and  for  about 

(i) 


Til  E      IS  l  RONOM  If  A  I.     .I'M    KN  \  I.. 


N -■:;*.-. 


.1  be  seen  almost  continuously  as  :i  yellow 
dot  distinctly  protruding  from  1 1  it-  rays  of  the  large  star. 
During  this  short  interval  1  was  able  to  look  directlj 
the  object  in  the  open  field,  and  accordingly  hastened  the 
bhe  micrometer-threads.     The  first  two  readings 
m  angle  of  219°.5,  ami   a   distance  of  5".05.     Mi'. 
Douglass    made   the   angle   225°.0,   and    Mr.  Cogshall's 
estimate  agreed  substantially  with  these  values.     The  rising 
of  the  mui  came  rapidly  on;  and  with  the  increased  illumi- 
nation of  tin'  field  some  tremors  of  the  atmosphere  rem 
the  object  more  difficult.     The  seeing  was  still  good,  how- 
and   I   could  see  the  object    by  occasional  glimpses 
until  sum.'  minutes  after  sunrise,  though  with  less  ami  less 
distinctness.     The  last  oateda  somewhat  greater 

,list;,!  -     bul  [  think  it  is  entitled  to  less  confidence 

than  the  first  meas 

Ti bject  has  since  bi  ired  on  several  mornings, 

although  the  :  factory  as\>n  the 

morni  rery.     On   Sept.  5  tin-  objecl    was  seen 

with  sufficient  di  to  enable  me  to  recognize  its 

yellow  color,  and  to  secure  verj  satisfactory  measures.  It 
has  been  seen  by  all  the  members  of  the  Observatory,  in 
eluding  Mv.  Lowell  and  Mr.  Drew,  who  were  absent  when 
the  di  e.     The  follow  big  are  the  results  of 

our  attempts  to  measure  this  most  difficull    object.     The 
i  imated  on  the  scale  of  LO,  which  denotes  abso- 
:  the  most  perfect  images  possible. 
Observations  oi   the  Companion  of  Sirius. 
i  0„  p    Si  Remarks 

9     Comp.  distinctly  yellow,  !"..">  ± 
5     Est.  P  =  6"± 
5     Est.  p  =  5".8  ± 
7     Bluish  white,  yellow,  5".5± 
7     ( l-ood  measures,   p  =  5".  I  I 
5     Seen  by  glimpses  only 
-  en  with  diffic 


L896.666 

219.5 

5.05 

L896.668 

220.9 

5.65 

L896.67J 

220.2 

5  28 

L896.673 

222. 1 

5.06 

L896.678 

223.6 

5.13 

1896.692 

218.8 

1.71 

L896.695 

218.7 

4.58 

L896.678 

220.6 

5.07 

ii\  Mi.  Dot  gi  iss 


Bj   Mr.  COGSB  \  i  i 


t 

L896.666 
L896.671 
1896.678 


225.0 
225.5 
225.0 


t.29 

6.28 


L896.67 


.,..- 


5.28 


( 

L896.668 
1896.671 
1896.673 


223.0 
228.0 
223.8 


6.65 
6.0  ± 


L896.671       224.9       6.32 


On  account  of  the  extreme  difficulty  of  this  object  it  will 
be  apparent  that  the  most  harmonious  results  are  not  to  be 
expected.  While,  therefore,  the  differences  between  the 
results  obtained  bj  the  several  observers  are  considerable, 
ii  does  not  seem  probable  that  our  mean  value  will  he 
greatly  in  error. 

The  measure  of  the  angle  is  undoubtedly  more  reliable 
bhe  distance,  because  the  troublesome  plaj  of  the 
fringes  of  the  large  star  bewilder  the  observer  in  attempt- 
ing to  estimate  the  ilistanee  of  the  obscure  companion, 
which  is  not  sufficiently  bright  to  be  seen  under  the  thread 
of  the  micrometer.  Assuming  the  present  position  to  be 
approximately     d  =  L'l'(i°  ;  p  =  5".10,     it  is  clear  that  the 

theoretical  predictions  in  regard  to  the  moti E  this  bodj 

Lave  not  been  fullj  verified.  It  has  fallen  about  thirty 
degrees  behind  its  predicted  place,  and  receded  correspond- 
ingly further  from  the  central  star.  This  will  necessitate 
a  revision  of  the  elements,  which  will  have  an  increased 
period  oi  about  :1  ysars,  and  a  diminished  eccentu  n\  oi 
approximately  0.5.  It  will  probably  nut  he  possible  to  ob- 
tain very  exact  measures,  such  as  are  desirable  in  a  final 
revision  of  the  orbit,  fur  about  another  year,  hut  by  that 

time  it  ought  to  he  possible  to  define  the  posit  ion  with  the 
required  precision.     After  the  removal  of  the  Observatory 

to  |hi'  t'il\    of  Mexico,  in  the  course  of  ;i  COUple  Of  months. 

!  hope  to  secure  additional  measures,  when  Sirius  is  on  the 
meridian  ami  much  nearer  the  zenith.  Mean  while  t  he  fore- 
going results  are  believed  to  be  near  the  truth. 

Lowell  Observatory,  Flagstaff,  Arizona,  1890  Sept.  12. 


NOTE   OX     Till-;    BINARY    STAR,    LAC. 

liv   R.   T.   A.    1NNKS.    l-'.l;.  \>. 


This  star,  of    which   1'         S    i    gives   an    orbit   in  your 
no.  372,  is  the  chief  star  of  /<  1935,  a  wide  pair  ob- 

JOHS     111  i:^  net.     in     1837.5    whilst    at     I  hi 
i  I  unlikely  t  '  i    er   pair  was   then    at   its 

1    '.i.     If  it  were  allowable  to  suppose 

■  i  it  whilst  a  distance,  the 

would  he  about  27  years  or  about  midway  bel 

bj  Burnham  and  See,  viz.:     24.7 

and  33.0  B  ould  make  a  pi  riod  of 

365,  '■■■•  bich  di  te  with 

made  at  Melbourne  in  L867, 


ami  published  in  the  volume  of  Astronomical  Results  in 
L869.  It  was  there  noted  that,  the  star  was  double,  7"  and 
8»,  companion  preceding.  As  the  telescope  used  was  the 
.".in.  meridian-circle  and  the  companion  was  preceding,  it 
must  then  have  been  an  easy  object;  Prof.  See's  orbit 
agrees  well  with  this.  The  star  was  next  observed  as  a 
l,\  Mr.  I'.i  i.-Mi  wi  _  to  his  /MKi  on  L876  Julj  1-. 
aud  again  bj  Mr.  Russell  at  Sydnej  on  ]N77  Aug.  24  = 
Russell  298,  it   being  thought  to  be  a  new  pair  on  these 

i  Vtj  i  Obi '  •  eatory,  1896  May  ~i". 
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OBSERVATIONS  OF  SOUTHERN    VARIABLES, 

Bi    ROBERT    II.  WEST. 
S  Sculptoris. 


This  star  was  under  observation  from  L895  November  8 
to  L896  January  1*8.  The  II  observations  (luring  this  time 
yield  a  well-marked  maximum  on  L895  November  17.  mag- 
nitude 6.5,  notwithstanding  the  small  number  of  observa- 
tions before  the  maximum. 

146.     T  Sculptoris. 

Eighteen  observations,  from  L895  November  8  to  L896 
February  4,  give  a  maximum,  with  magnitude  7.85,  for 
L896  January  10.  From  December  7  to  December  27  there 
was  a  noteworthy  constancy  in  the  star's  light,  magnitude 
8.4. 

1386.     TEridani, 

The  observations  of  this  star  number  15,  from  189."i  No- 
vember 8  to  1896  March  18.  A  well-defined  maximum, 
magnitude  7.35,  is  indicated  for  1896  January  21. 

1662.     11  Cadi. 
This  star  was  observed   11    times,  from   1895  December 
21  to  1896  March  IS,  during  which  time  its  brightness  in- 
creased from  llM.l  to  7M.8,  with  no  indication  that  it  had 
reached  its  maximum. 

2776.  W  Puppis. 
Fourteen  observations,  from  1896  January  3  to  April  29, 
give  a  maximum  of  7M. 55  on  March  6.  The  observations 
also  indicate  a  minimum  of  9M.8  on  January  18,  but  they 
are  insufficient  to  warrant  any  definite  conclusion.  When 
last  seen,  the  star  was  10M.2.  These  observations  fully 
confirm,  of  course,  the  variability  announced  by  the  Har- 

Syrian  Protestant  College,  Beirut,  Syria,  1896  Aug.  4. 


vard  College  <  ►bservatory,  and  hitherto  unconfirmed,  so  far 
as  I  am  aware. 

3425.     XJtTydrae. 

Cloudy  weather  interfered  with  observation  al   the  bi 

of  maximum,  and  hence  the  graphical  determination  of  bhe 

maximum  for  L896  April  8,  magnitude  8.45,  is  s (what 

uncertain.     It  is  based  on   L5  observations,  from  L895  De- 
cember 27  bo  L896  Maj  29. 

C.DM.  24  7693* 
The  variability  of  this  star  was  suspected  during  the 
preparation  of  the  Cordoba  Durchmusterunr/,  and  it  lias 
been  fully  confirmed  b\  an  examination  of  the  H.C.O.  pho- 
tographs ( ./.A'.,  3362).  Twelve  observations,  bet  u  een  1 896 
February  2  and  May  29,  give  independent  confirmation, 
and  in  addition  indicate  a  maximum  of  about  8-M. 3  on  or  be- 
fore March  1.  There  are  not  sufficient  observations  before 
and  at  the  time  of  the  maximum  to  permit  of  a  more 
definite  determination. 

4225.     X  Centauri. 

Eight  observations,  from  1896  March  18  to  June  12,  fully 
confirm  the  variability  of  this  star,  announced  by  E.C.O. 
The  brightness  increased  from  8M.0  to  7". 7,  and  then  de 
creased,  at  first  slowly,  but  afterwards  more  rapidly,  to  9". 6 
at  the  last  observation.  The  variation  from  March  is  to 
May  6  was  very  slight,  amounting  to  uot  more  than  three- 
tenths  of  a  magnitude,  and  the  maximum  is  consequently 
very  roughly  indicated  for  April  10. 


*  3244,  S  Pyxidis.  —  Ed. 


A   NEW 


SHORT-PERIOD   VARIABLE   IN    GEMINI, 

6»  29"'  14*     ;     +15 D  24'.8     (1900.0) 


By  EDWIX 
I  wish  to  announce  that  I  have  discovered  the  star  num- 
bered 949  in  the  Potsdam  Photometric  Catalogue  to  be  a 
variable  of  short-period.  Although  its  variability  was 
established  some  six  months  ago,  press  of  other  matters 
has  prevented  a  presentation  of  the  facts  until  now.  The 
magnitude  of  the  star  in  the  Potsdam  Catalogue  is  given 
as  7M.04;  this  being  the  mean  of  two  very  accordant  deter- 
minations, 1887  March  15,  7 M.03,  and  L891  March  12,  7 ".04. 
My  observations  in  connection  with  the  revision  of  the 
magnitudes  in  this  Catalogue  (now  more  than  half  com- 
pleted) recorded  1895  March  14  and  L'3,  found  the  star 
7a.02  and  7". 16  respectively,  and  are  also  fairly  ac- 
cordant; their  mean,  7M.(>9,  differing  but  slightly  from 
the  Potsdam  results.  My  observations  having,  however, 
been  taken  so  closely  together,  it  was  deemed  best  to  obtain 


V.  SAWYER, 
one  more  during  the  present  year.  this,  fortunately,  being 
taken  on  March  9,  when  the  star  was  estimated  to  be  7".  19. 
This  large  discordance  from  my  previous  results  led  to  fur- 
ther observations  of  the  star,  which  soon  established  its 
variability  beyond  doubt.  The  star  was  under  observation 
until  May  4,  the  observations  numbering  32. 

From  a  discussion  of  these  observations,  together  with 
those  made  in  L895,  I    have  adopted  as  the  best  attainable 
elements  : 
1895  March  14.28  Greenw.  M.T.  +  7".7I  E 

=  1895  March  1  I  '  6*  45m  Greenw.  M.T.+  (7d17h46  I  E 
for  the  epoch  of  maximum.  The  minimum  occurs  earlier 
by  2d.65.  The  observed  times  of  maxima  and  minima  are 
given  below.  The  column  O— C  is  a  comparison  with  the 
preceding  elements. 
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The  comparison-stars  and  the  light-scale  arc 


Star 

948  Potsdam 

6  =  D4 1 

c  =  956         " 


1900.0 

c,"l".i"  <S  +16  16.6 

6  _r,  57   +15  5.5 

6  30   II   +15  50.3 


6.85 
7.36 
7.62 


8 

6*73 
7.46 

7. (Hi 


Light 

scale 

1(1.11 
3.0 

l.o 


The  characteristics  of  the  lighl  fluctuations  derived  from 
the  preliminary  mean  light-curve  arc  a  somewhat  slow  in- 
crease; a  much  slower  decrease,  with  indications  of  a 
retardation  aboul  a  day  after  maximum.     The  duration  of 

increase  is  2.07.  days,  and  that  of  decrease  7..10  ,[a\  s. 

Brighton,  Mass.,  1896  Sept.  21. 


The  readings  of  the  light-curve  give  the  following 

I. ii. ii  i  Taki.ks 


Time  m, in 

I..             Mag.  Mas. 

l.d         7.60  +1.25 

1.1  7. .v.i  L.50 

1.2  7.58  1.75 

1.1  7.56  2.00 

1.7  7.53  2.25 

2.3  7  17  2.50 

3.2  7.38  2.75 
-1.1  7.26  3.00 
5.6         7.11  3.25 

6.8  7.(iL'  3.50 
8.2         ess  3.75 

8.9  6.80  LOO 
8.6  6.83  1.25 
7.6  6.93  4.50 
6.9  7.(i(i  4.75 
6.6        7.03  5.00 

+5.10 

The  range  of  variation  is  from  6". 8  to 

The  star  is   slightly  colored,  and    its 
DM.  is  7\3. 


Max. 
a 
-2.65 
2.50 

2 .  25 
2.00 
L.75 
1.7.(1 
1 .25 
l.i  in 
0.75 
0.50 
—0.25 
0.00 

+0.25 

0.50 

0.75 

+1.00 


6.3 
5.9 

5 . 5 
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4.2 
.",.7 
3.2 
•_'.<; 
2.1 
1.7 
1.5 
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1.1 
1.0 
l.o 

7B.6. 
magnitude 


Mag. 

7dl 
7.06 
7.1o 
7.14 
7.  IS 


7.32 
7.37 
7.43 
7.49 

7.:.:: 
7.55 
7.57 
7.59 
7.60 
7.60 


in  the 


EPHEMEEIS  OF  MINOR   PLANET  (387). 

By  JOHN  II.  OGBURN. 
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9  ::  30  10.92  -7  7,7  5.7      0.3173089 

10  3  29  10.7;;  -7  59  L2.6 

11  3  28  22.48  -8  1  6.4 


12 

:;  27  28.23 

13 

3  26  34.03 

11 

:;  25  39.96 

15 

3  24    16.05 

10, 

3  23  52.41 

-8 


2  46.9 

1  1  I  1 

5  27.0 

6  27  5 

7  L3.8 


0.3196443 


27  3  11  30.59  -8  0  13.6 
2s  3  13  43.34  -7  58  4  7.1 
2:1   3  12  56.90   -7  56  36.9 

Opposition  Xov.  1">,  magnitude  10.5. 


D.3373'.t33        17   7.0 


This  ephemeris  is  based  on  my  elements  published   in 
.1../..  :;si .     No  aceoun!  has  been  taken. of  perturbations ;  as 

the  major  planets  are  at  a  considerable  distance  it  is  likely 
thai  the  error  of  the  ephemeris  due  to  this  cause  will  lie 
small. 


■   !  t.  28. 
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MAXIMA    AND  MINIMA   OF 

r.\  .1.  a.  pa 
678.  V  Persei. 
Since  my  last  report  (./../..  XVI,  1  lit)  1  have  10  observa- 
tions from  1896  April  3  to  Sept.  19,  yielding  a  minimum, 
11M.6  Jane  12.  I  have  lately  re-reduced  all  my  observa- 
tions, 116  in  number,  from  1893  Aug.  7  to  the  presenl  I  Lme, 
using  a  revised  light-scale,  to  ascertain  whether  or  not  they 
would  confirm  the  conclusions  reached  b\  Mr.  Vknuell, 
published  in  A.J.  no.  383.  My  observations  were  continu- 
ous with  the  exception  of  a  break  from  IS'.H  Aug.  8  to  Nov. 
15  (corresponding  to  the  minimum  of  epoch  G),  and  include 
three  maxima  and  three  minima.  They  were  reduced  with 
the  following  light-scale : 


DM. 

Mag. 
P. 

Coordinates  from  Var. 
It.  A.          Dec. 

53  440 

7.4 

53  428 

8.6 

54  438 

s.7 

9.6 

+21.9 

—  5.5 

10.0 

+   3.S 

+  S.7 

11.1 

+   l.S 

-1.3 

12.3 

+  2 

+  1 

Normal  points  were  formed  from  groups  of  five  observa- 
tions. It  was  found  that  these  points  all  lay  very  close  to 
a  smooth  curve,  —  the  greatest  divergence  occurring  in  three 
out  of  the  twenty-three  points,  being  0.1  mag.  The  curve 
hail  the  following  characteristics  (the  time  being  reckoned 
from  the  elements  of  Chandler's  Third  Catalogue).  A 
steady  rise  from  a  minimum,  11". 6,  at  —  1C8  days,  a  stand- 
still at  S".0,  from  —00  to  —40  days,  the  middle  of  this 
stand-still  agreeing  exactly  with  Yendell's  first  crest;  a 
rise  to  a  maximum  of  7M.l  at  +7  days,  then  a  steady  and 
uninterrupted  fall  to  minimum.  If  the  stand-still  be 
smoothed  out,  the  maximum  falls  at  0  days.  The  follow- 
ing points  in  the  curve  are  enough  to  show  its  peculiarities  : 


Days 
from  max. 

Before 

After 

0 

7.1 

20 

7.5 

7.2 

40 

S.O 

7.6 

60 

8.0 

S.4 

80 

8.5 

9.4 

100 

o.:; 

10.4 

120 

10.4 

11.0 

140 

11.1 

11.4 

160 

11.5 

There  are  two  reasons  why  my  maximum  magnitude  is 
1M.3  greater  than  Yendell's  estimates.  My  values  for  the 
comparison-stars  used  near  that  part  of  the  curve  are  about 
0M.5  brighter  than  his;  and   in  addition,  my  eye,  and  the 


LONG-PERIOD   VARIABLES, 

RKHURST. 

reflector  which  I  use,  cause  me  to  estimate  red  stars  uni- 
formly brighter  than  In-  does.  It  will  be  noticed  that  my 
brightest  comparison-star  is  0M.3  fainter  than  the  variable 
at  maximum.  This,  together  with  the  fact  thai  the  obser- 
vations were  nearly  all  made  with  the  full  aperture,  6.2 
inches,  would  tend  to  mask  the  minor  fluctuations,  and 
thus  render  my  results  of   less  weight  than   ifENDELL's. 

The  curve  at  minimum  is  free  from  the  above-mentioned 
irregularities,  and  thus  better  adapted  to  a,  determination 
of  the  period.  The  intervals  between  the  minima  which  1 
have  observed  are  309  and  323  days.  (See  A.J.,  XIV,  6 
and  XV,  177.)  The  mean,  316  days,  is  2  days  less  than 
Chandleb's  period.  The  above  minima,  were  possiblj  ovi 
looked  in  the  preparation  of  the  Third  Catalogue. 

659.     -V  <  'assiopeae. 

My  watch  on  this  star  has  been  uninterrupted  since  the 
maximum,  1895  Oct.  10;  33  observations  being  secured  up 
to  the  present  time.  If  fell  rather  quickly  from  9M.5  in  a 
minimum,  12". '1  1896  Feb.  23;  then  rose  more  slowly  to 
10M.0  at  the  last  comparison,  Sept.  25.  Its  intense  red 
color  at  times  renders  the  comparisons  uncertain,  the  ap- 
parent light-curve  being  a  succession  of  small  saw  teeth, 
the  mean  divergence  of  the  observed  points  from  a  smooth 
curve  being  0".2,  the  extreme  0M.6. 

The  comparison-stars  are  as  follows : 

Mag.     Coordinates  from  Var. 


DM. 

p. 

P. A 

Dee. 

.'/ 

58  :;:;4 

8.6 

+  1.1 

—  3.7 

e 

9.9 

-1.6 

+  0.7 

c 

10.'-' 

-3.0 

+  1.4 

f 

10..", 

+  0.9 

-0.3 

d 

10.6 

-2.6 

+  0.4 

4315.     R.  < 

This  star  was  looked  for,  without  being  seen,  from  1896 
Ma\  28  to  June  .'id.  It  was  first  seen  July  6,  and  the  fol- 
lowing seven  observations,  ending  Aug.  26,  show  a  rapid 
increase  from  12". .'i,  when  first  seen,  to  10". II  July  26  ;  then 
a  more  gradual  rise  to  9M.25  when  lost  in  the  western 
twilight.  Under  these  circumstances  it  is  impossible  In 
tell  whether  the  maximum  was  past  or  not;  if  so,  it  could 
not  have  been  much  before  the  last  date. 

5583.  X  Librae. 
Mr.  Hi'nkv  M.  Pahkhtjrst  requested  me  to  look  lor  this 
star  in  August,  to  decide,  if  possible,  whether  its  period,  as 
he  suspected,  is  two-thirds  that  given  in  the  Third  Cata- 
logue. If  so  the  minimum  would  occur  Aug.  S.  and  any 
rise,    if   detected,  would    decide    in    favor    of    the    shorter 
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period.     The  star  was  looked  for  without  being  seen  on  the 
following  dates  : 


Limit 

Limit 

12.5 

L896   Ug.  26 

ll.s 

10 

12.4 

:;l 

10.8 

17 

L0 

Sept.    7 

lo..-, 

24 

L1.8 

I,,.   -    observations   were,  therefore,  not  at  all  decisive, 

:,  it  the  minimum  had  been  passed  Aug.  8,  it  would 

probab  tan  1."  Sept.  1.  ami  Divisible. 

5601 .     -s'  '  rrsae  minoris. 

This  star  has  been  continuously  observed  since  the  maxi- 
mum reported  in  A.J.  XVI,  110.  1  have  13  observations 
between  L896  April  13  ami  Sept.  7.  The  star  was  nearly 
stationary  in  light  at  9*.8  till  May  28;  then  followed  a 
sharp  decline  to  a  well  marked  minimum.  11  ".4,  June  27  : 
then  a  slower  rise  to  9  .'■'■  a1  the  lasl  observation. 

The  positions  of  the  following  comparison-stars  were 
measured  with  tin-  filar  micrometer: 

Ma','.  Coordinates  from  Var. 


DM. 

DM. 

f. 

R.A. 

Dec. 

f 

78  518 

8.3 

7.8 

-1.3 

-1S.1 

e 

78  519 

9.0 

8.8 

+4,2 

-in.:; 

b 

7'.'  167 

9.4 

Inc. 

0.0 

-  1.2 

,1 

L0.2 

+0.7 

+  2.3 

k 

DM 

-7.2 

-11.2 

1 

11.1 

+  1.:; 

+  :;.4 

12.0 

-0.9 

+    1.0 

5830.  /.'  Scorpii. 

This  star  was  about  stationary  in  light  at  L0*.3  from  the 
first  observation,  1896  May  28  to  June  10;  then  it  fell 
quickly  to  12"  when  last  seen,  July  6.  I  have  7  observa- 
tions in  all.  A  maximum,  L0*.3,  is  indicated  June  1.  hut  it 
may  have  occurred  earlier. 

5831.  S  Scorpii. 

This  star  was  fit  Ll".3  L896  May  28.     It  rose 

rapidly  to  a  maximum,  9  .8  June  26.     ft  was  L0M.5  July 


11;  not  seen  July  24,  limit   10".5;  not   seen  Aug.  3,  limit 
12*.     1  have  LO  observations. 

7085.     RT  Cyg 
My  observations,  11  in  number,  began   L896   Maj  28  ami 
ended  Sept.  7.     The  star  rose  steadily  from  9*.0  to  a  maxi- 
mum, 7". ii  July  17.     Tin'  fall  was  a  trifle  slower  than  the 
rise.     It  was  '.i".!)  at  tin-  last  observation. 
71  is.     XAquilae. 
1  have  s  observations  of  this  star,  between  ism;  June  17 
and  Sept.  7.     When  first  seen  it  was  10*. 2.     It  roseslightlj 
ami  then  fell  steadily  to  12*. 3  at  the  last  observation.     A 
maximum,  10*.l,  is  indicated  lor  .lime  29,  though  it  may 
have  occurred  earlier,  as  my  watch  on  tin'  star  began  too 
late  to  definitely  decide.     My  comparison-stars  ate  as  fol- 
low s  : 

Mag.  Coordinate-  from  Var. 

DM. 


DM. 
3  117(1 


7212.  SAquii 
My  observations  began  L896  dune  27,  when  the  star  was 
9*.8.  It  fell  quickly  to  a  minimum,  11*.0  duly  22, then 
rose  more  slowly  to  9*.7  Sept.  7.  1  have  11  observations 
between  the  above  dates.  My  comparison-stars  are  as  fol- 
lows : 


1*. 

R.  \. 

Dei 

8.3 

-  :;.:> 

-11.7 

'.t.7 

-1  l.l 

+   1.3 

9.8 

-21.9 

+   4.7 

9.8 

—  3.2 

+   S.2 

LO.O 

—   7.0 

+13.5 

10.9 

+   .-,.7 

+  l.s 

11.4 

-   .",,1 

-  5.8 

12..", 

—  o.s 

-  2.:; 

d 

The  -tar  a  is  DM.  L5  1079. 


Coordinates  from  \  ar. 

Mag. 

R.A. 

Dec. 

9.2 

+  0.2 

-1.5 

9.6 

+1.9 

-8.3 

10.1 

-:;.l 

+  2. It 

10.5 

+  o..-. 

-4.7 

11.7 

-2.0 

- 1 .:', 

ECLIPSES   AM)   CHRONOLOGY: 

1!\    W.   T.  LYNN 
Although  Prof.  Stockwelx  no  longer  quotes  as  an  au- 
thority of  the  last  battle  of  Theo- 
dosius  a  historian  (Ammianus    Marcellinus),  who   died 
some   years    before    it    took    place,   he  ors   to 
maintain  hi                                                  in  No^  ember  393, 
at  tie-                  '  ,<•  eclipse.     Soi  b  \  n  -   gives  the  ■ 
5l       ;  -a  ELL   think>   that,  as   TheOE 
in  the  midd]         June,                   lot  have 
reach-                    tborhood  of  Aquileia  by  the  first  week   in 

mberjandhe  ne  occupied  by  Nap 

in  advancing  fro  rently  forget- 

ting not  only  that  Napoleon  was  proceeding,  the 

i   hostile  country  in  which   his 
Blackheath,  1896  .1 


A   FINAL    REJOINDER, 


march  was  opposed  (that  of  Theodositjs  was  nol 
he  made,  from   political    reasons.  Ion-  delays,   particularly 
at  Wilna.      On  the  other   hand.  I  say  that   between  the  end 
of  November,  when  the  eclipse  took  place,  and  earlj  in  Jan- 
uary, when  The sirs  died,  it  would  have  been  quite  mi- 
le for  Honobius  to  have  received  a  ]  ■'  in  his 
iathei-  at  Constantinople,  and  to  travel  I  rmn  there  to  him  : 
iils  of  the  journey  are  mentioned  by  Clai  dian.     As 
to  the  red,  or  rather  reddened  snow  of  that   poet,  Gibbon 
a   note  thai  ••  his  w  it  is  intolerable."     Bui  ■•  U 
pinae    tlives"    do   always    exist;    and   a    tempestuous    north 
wind  might  bring  some  down  from  the  mountains  at  almost 
any  time. 
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COMET  cl  1896  (giacobini). 


[nevitable  delays  in  the  issue  of  this  number  have  pre 
vented  the  publication  of  the  earlier  elements  and  epheme- 
rides  of  this  comet,  until  the  latter  have  expired. 

Under  date  of  September  10  elements  were  sen!  by  Mr. 
F.  E.  Shares  of  the  Students' Observatory  of  the  Ohiver  itj 
of  California,  computed  by  him  and  Mr.  K.  T.  Cbawfokd, 
from  observations  made  at  the  Lick  Observatory  by  Prof . 
HrssKv,  September  5,  6,  7,  together  with  an  ephemeris  ex- 
tending  from  Sept.  12  to  24;  followed  subsequently  by  a 
continuation  until  Oct.  22. 

T  =  Oct,  ln.:;t  15  Greenw.  M.T. 

;  =  9    6    s  ) 

Q,  =  T.I5  ;::;  58     M.  Equin.  L896.0 

w  =  154  47  45) 

logy  =  1.112731 


The  corresponding  i rdinates  for  the  equator  were 

.,•  =   [0.045998]  sin i   80  LO  31.3+v)  sec2£u 
y  =  [0.032003]  sin  (349  32  17.7  +  w)  sei    ' 
z   =  [9.455829]  sin(359  22  51.5+ o)  sec2 \v 

Mr.  Pbbbine  iif  tin'   Lick  Observatory  scut  on  Sept.  11 
elements  Erom  the  same  observations. 


T  =   Sept.  27.1220  Greenw.  M.T. 

M.  Equin.  1896.0 


i  =       c,  5.-,  32 
w  =    Kill  51    16 
&    =    191    37  41') 
log  j   =   0.01. -.70 
which  represent  the  middle  observation  thus: 

(O-C)       IX  cos/3  =  0"     ,     .1/3  =    -1". 
With  these  was  an  ephemeris  from  Sept.  12  to  <  let. 


Prof.  Hlssky  has  sent  elements  computed  from  his  obser- 
vations of  Sept.  6,  8  and  11  : 

T  =  July  10.41828  Greenw.  M.T. 

M  =     40   17  38.0  ) 
&    =   150  59  47.1  V  M.  Equin.  1896.0 
I  =     88  24  46.4) 

logy   =  0.055430 


COMET  e  1890  (spjsrra). 

T  = 


Eesiduals  for  middle  place, 
J\  cos/3  =    +0".3 


'ft 


-0".8. 


Mr.  F.  H.  Seakes  has  sent  elements  and  ephemeris  com- 
puted by  himself  and  Mr.  R.  T.  Crawford  from  the  same 
ohser\  ations. 


July  10.6427  Greenw.M.T. 

<«  =     40  38  ■ 
£    =   151     1     0  [-M.  Equin.  1896.0 


'/ 


1     6 
ss  25  12 
1.139897 


Residuals,  O-C,     .iXwsfi  =    -0".7    ,     1(3  =   +3".7. 

x  =  [9.998814]  sin  (309'  46  23.7  +  v)  sec2 i« 
II  =  [9.843275]  sin(L74  1  21.4  +  v)  sec2 \v 
z  =   [0.024276]  sin(  52  38  43.8 +v)  sec   ',  • 


Ephemeris 

1896 
Sept.  14.5 
18.5 


k  Greenwich  Mean  Midnight. 

a  S  logp 

14h44m58S        +53  .v.;.:,  0.2250 

15  11  38  52  37.1  0.2260 

15  37     o  51     3.5  0.2284 

16  0  51         +49  15.2  0.L'.;:'3 


Br. 

0.91 
0.86 
0.81 

0.76 


OBSERVATIONS  OF   COMET  e  1896  (sperra), 


MADE    AT   THE    LICK    OliSEEVATOKY, 

Bt  WILLIAM   J.  HUSSEY. 


1896  Mt.  Hamilton  M.T. 


No. 
Comp. 


,#*-* 


da 


Jl 


«# 


s  apparent 


log  f\ 
for  a  for  8 


Sept.    6     11  50  34 

8       9     6  48 

11       8  35     9 


6  ,  6 
9./  ,  9 
13  ,  6 


—1  8.57 
-0  13.06 
+  0  15.36 


+  1  26.0 
+  1  22.6 
+  3  50.4 


13  5t  it.oi; 

1  I       I    5I.5S 

14  25  39.10 


-\-7Ci  25     1.5 

55     9  35.0 

+  54  35  42.7 


9.742 
9.01  I 
9.900 


0.674 

0.5  IS 
0.628 


Mean  Places  for  1S96.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

3 
4 
5 

13  53m51.60 

14  5     6.67 
14     6  36.99 
14  25  22.84 
14  23  36.28 

+  1.03 
+  0.97 
+  0.93 
+  0.90 
+  0.91 

+  :>:,  I-:;  :;o.r 

+  -C:       S    16.4 

+  55     0  26.8 
+  54  31  55.7 
+  54  26     0.2 

-4.2 
-4.0 
-3.9 

-;;.4 

-3.5 

Krueger,  Helsingfors-tlotha  A.G.  C'atal.,  7767 

10.',"±  connected  with  ^3 

Krueger,  Helsingfors-Gotha  A.G.Catal.,  7856 

1  IV  ±  connected  with  *5 

Rogers,  Cambridge  A.G.Catal.,  4529 

The  first  and  second  observations  were  made  with  the  12-inch  and 
the  third  with  the  30-ineh  telescope.     The  comet  is  faint  and  diffuse, 
3ft.  Hamilton,  Cat,  1896  Sept.  14. 


and  difficult  to  observe  accurately,  especially  with  the  12-inch  tele- 
scope.    Mr.  Perbine  assisted  me  in  making  the  first  observation. 
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NOTATION    AND    NOMENCLATURE   OF   A.STEROIDS. 

The  numeration  of  recently  1 1 i ->  < ■  % •  red  small  planets  has  bei  d  as  follows  by  the  Berlin  /.'< chen-Institut : 


'lanel 

Discoverei 

Hal.' 

\m. 

Plane) 

Discoverer 

Date 

N... 

'  E 

Ch  lrlois, 

1895  Dec.  '.» 

(409) 

'    A 

(  'll  IRLOIS, 

L896  Jan.  16 

,111: 

<  II 

k 

Is  16  -Ian.   7 

(410) 

CO 

Woi  i. 

Kill.     7 

(415) 

CI 

.. 

Jan.  7 

,111 

cs 

Charj  ois, 

May     -1 

(416) 

CK 

Woi  r. 

•  Ian.   7 

,.11-, 

CT 

Wolf, 

May    o 

(417) 

CL 

•• 

Jan.  7 

(413) 

M  \i;i.i 

is.  .Ian.   L6  ' 

1  to  lie  identical  « iih 

332)  Sin. 

The  asteroid 

n(   L896,  CP, 

CQ,  <  /.'. 

have  not 

been  sufficiently  observed  to  permil  determination  of  their  orbits. 

anel   (352)  =  L8932)  lias  received  from  its  discoverer  Prof.  Wolf,  tin-  aame   Gisela. 


XKW    ASTEROIDS. 


tdded  five  more,  found  upon  a  plate  of  Sept.  .. 


11 

cv 

11' 

i  w 

11 

11 

<  v 

11". 

cz 

11". 

;   L0    11  Heidelbei  i  M  T 

:   In  ;;:•  <> 


=  21  15  is 

■ri  49  52 

23  '.'  0 

23  13  in 

'1-1  II  is 

23  i  28 


of   a    sin 

ill   pi 

met, 

CI 

.  Sept.  3,  to 

w 

hich  are 

\  l  32 

Daih 

motion. 

—  In  anil  -1  son 

th  ward. 

-r-5  •".ll 

" 

" 

-7.1'     ••     7, 

+  1    19 

» 

u 

-56    "    G 

" 

ii  23 

" 

.. 

-7.2    ■•    5 

tt 

+  1     4 

u 

a 

_KI     ••     7, 

•  • 

+  ()  IT. 

a 

■■ 

—  40     "10 

.. 

NOTE   FROM 

the  evening  ol  Sept.20,  1  turned  to  look  out  of  the 
window,  some  20  feel  distant,  to  see  the  sun  descend  be- 
hind a  spin-  of  tin-  Sierra  Madre  range,  about  one-quarter 
of  its  diameter  having  disappeared.  Instantly  I  noticed  a 
luminous  object  about  one  degree  above  the  sun.  Think- 
ing it  was  caused  by  refraction  from  a  knot  in  the  glass,  I 
moved  my  head,  but  found  the  object  remained  stationary, 
veranda  tin-  object  was  situ  more  dis- 
tinctly. At  first  it  occurred  to  me  that,  it  might  he  a  small 
fire  on  the  mountain,  hut  this  idea  was  quickly  dispelled, 
as  one-half  of  flu'  sun's  disk  was  still  above  the  mountain, 
and  the  object  still  higher.  Seizing  an  opera-glass  I  saw 
that  it  hada  very  much  fainter  companion  some  30' north, 
but  it  could  not  be  seen  without  the  glass.  In  about  lour 
lninut  t  the   two  objects  also  disap- 

behind  the  mountain. 
Bothobje  i  bj  some  fifteen  people.    Yesterday 

morning  I  attempted  to  refind  tin-  bright  one  with    the 
Echo  Mountain,  <  22. 


IM{.    L.    SWIFT. 

I'.-im-h  comet-seeker,  bul  failed,  as  the  sun  is  not,  visible 
from  tin'  Observatory  until  15°  above  tin'  horizon.  Las! 
evening  I  began  a  search  with  the  comet-seeker  with  the 
sun  10°  in  altitude,  hut  nothing  was  seen  until  fully  one- 
half  of  the  sun  had  disappeared  when  1  caught  sigh!  of  it. 
but  il  s  faintness  surprised  inc.  for  it  was  less  bright  t  li rough 
tile  telescope  than  wit  ll  the  naked  eye  the   pre\  lOUS  evening, 

though  it  is  possible,  and, perhaps  probable, thai  it  was  the 
companion  that  was  seen. 

I  only  saw  it  for  5 seconds,  and  rushing  into  the  Observ- 
atory to  get  a  view  of  it  with  the  I  1-inch  which  I  had 
previously  set   to  near  the    place.   I    found  the  eye-piece  was 

beyond  my  reach.     Repairing  to  the  comet-seeker]  found 

both  sun  and  object,  had  set.  I  estimate  that  the  object 
disappeared  simultaneously  with  the  sun's  upper  limb. 

The  only  thing  that  perplexes  me  about  this  strange 
affair  is.  that  the  sun.  object,  aud  companion,  were  not  in 
line,  but  must  have  deviated  from  it  by  .'!•'    or  more. 
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THE    SECULAB    PERTURBATIONS    OF    MERCURY   ARISING    FROM    THE 

ACTION     OF    .i  I' PITER, 

By  ERIC   DOOLITTLE. 


In  applying  Dr.  G.  W.  Hill's  modifications  of  Gauss's 
method  of  computing'  secular  perturbations  to  tlie  case  of 

two  planets  in  which  the  ratio  of  the  semi-major  axes   f  —  j 

is  very  great,  it  will  be  found  that  the  approximate  tests, 
furnished  by  comparing  the  sums  of  the  functions  corre- 
sponding to  the  odd  and  even  points  of  division  of  the 
orbit,  are  in  some  cases  inapplicable.  This  at  first  occurs 
with  the  angle  t,  in  consequence  of  the  term  ane';  the 
functions  i  in  mediately  dependent  upon  this  angle  will  also 
not  satisfy  the  test,  but  the  disagreement  will  nearly  dis- 
appear as  the  work  progresses. 

In  this  case,  also,  the  determination  of  the  roots  G1  and 
G"  by  Dr.  Hill's  first  method  will  require  many  approxi- 
mations, since  ,'/  will  not  be  small  in  comparison  with 
h  (h—l),  while  if  the  second  method  be  employed,  the  angle 
6  will  be  so  nearly  equal  to  90°  as  also  to  render  their  exact 
determination  difficult.  In  the  following  computation  the 
method  of  proceeding  has  been  therefore  very  slightly 
modified. 

The  elements  are  adopted  from  Dr.  Hii.i.'s  "Neiv  Theory 
of  Jupiter  and  Saturn  "  (pages  192  and  558  i : 


log  a    = 


Mercury 

75     7    13.62 
7     0     7.71 
46  33     8  63 
0.20560476 
5381016".260 
9.5878217 


ft'  = 


log  a' 


Jupiter 

II  54  3L67 
1  18  41'.  10 
98  56  19.79 
0.04825511 
109256".626 
0.7162374 


Epoch  185Q.0,  Greenwich  Mean  Time. 


The  preliminary  constants  were  found  to  have  the   fol- 
lowing values : 


/  =       6  17  15.31 

//  =  218     5  54.72 

//'=  154  49  24.01 

K  =     63     8  32.52 

K'  =     63  24  30.76 


log/.-  =  9.9995281 

log/.-'  =  9.9978563 

logc  =  8.7995614 

r  =  0.063032044 


The  roots  G,  <V'and  G"  were  determined  as  follows.  The 
first  approximation  to  G  was  obtained  by  the  formulae  of 
Dr.  Hill's  second  method,  the  exact  value  being  found  by 
successive  applications  of  the  equation 

G  =  h 


G(G-l) 

G1  and  G"  were  then  obtained  from  the  equations 


G>  =  A-C~G  ± 


UA-C-GY  + 


4? 


G"  = 

and  their  values  verified  by 
•        G'   =    /  + 
G"  = 


■^±^±^{A-C-GY  +  % 


G'ih-G1) 

,'/ 


(l+G")(h+G") 

The  double  values  give  rise  to  no  ambiguity,  for  since  G 
is  greater  than  (A  —  C)  the  positive  value  of  the  radical 
must  be  taken  to  render  G'  and  G"  positive. 

The  results  are  given  in  the  following  tables 

(9) 


10 
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1 

0 

-i 

« 

logp 

log  ■/-'                        log  V 

9.4878584 

0 

0     0.00 

27.233  10536 

35 

2     1.56 

0.3939342 

0.95691  i  I 

1  9060787    «2.8590255 

i  6623 

36 

32     7.50 

1-7.1  135671  1 

.-.7 

36   19  89 

0.2831381 

0.9555360 

1.9075531    &2.861  2693 

60 

9.5407098 

7<» 

50   11.11 

27.06879996 

S7 

39  20.52 

0.1097322 

0.9543353 

1.9087576  «2.863  1053 

90 

3217 

101 

:>!   53.65 

27.031  15602 

1  11 

23     7.55 

9.911  3562 

0.9537343 

1.9093259  »2.8639813 

120 

9.6303194 

129 

16    14.60 

27.04270097 

210 

27    19.77 

9.9971055 

0.9539154 

1.909  1  137    n2.863664  1 

1 51 1 

9.6589887 

1 55 

27  29.02 

27.09836241 

249 

1 1   50.99 

0.1979120 

0.954  8104 

1.9082286   &2.8623001 

L80 

9.6690267 

L80 

,,     o.OO 

27.18120744 

275 

34    13.04 

0.33611  17 

0.9561392 

1.9069519  »2.8603153 

210 

9.658  9S87 

21 1 1 

32  30.98 

•J'.i7 

11    11.56 

n  1231  108 

I I  !  15 :  5251 1 

1.9056175 

»2.85S2431 

240 

9.6303194 

230 

L3   Lo.40 

27.33631108 

317 

13  34.31 

0.4739392 

0.9586161 

1.9045315 

n2.856  1772 

270 

9.5878217 

258 

8     6.35 

27.370  18776 

336 

35  32.85 

0.4960583 

0.959  1600 

L.9039412 

«2.8557263 

300 

9.5407098 

289 

'.i   L8.59 

27.362  10999 

355 

12   17.86 

0.491  8723 

0.9590315 

L.904<5l33 

»2.85584  18 

9.5026623 

323 

27  52.50 

27.31308297 

14 

7.7   10.82 

0.4597394 

0.9582461 

1.904  7799 

n2.8570389 

V 

163.22483480 

1 28 1 

.",'.i   17.06 

1.8026981 

*54.28221  12 

■  183.871398 

5 

163.22483460 

lo<>7 

28  13.66 

1.7713448 

*54.2822141 

*483.871348 

E 

ft 

logg 

h 

l 

(. 

'. 

G 

03 

0 

sS     19 

.', 

9.1053430 

27.006742 

+0.163630 

27.066566 

0.188801 

0.024995 

5 

6 

8.07 

30 

-  89    2 

15 

9.2189132 

27.007491 

+0.07304  1 

27.007263 

0.123075 

0.049804 

1 

35 

5.15 

60 

89   L9 

0 

9.01829S4 

27.007569 

-0.001  801 

27.007  126 

0.061  321 

0.062980 

3 

53 

7.77, 

90 

89  39 

8.2127520 

27.006899 

-0.038  177, 

27.006877 

0.01  1983 

0.050435 

2 

15 

ln.71 

120 

89   11 

40 

8.2037786 

27.006246 

-0.026577 

27.006224 

0.01  1111 

0.040995 

2 

35 

41.32 

150 

-  89  11 

13 

9.1399542 

27. 1  155 

+  0.028  8Z5 

27.006265 

0.087  184 

0.058  119 

1 

12 

38  17 

ISO 

88    i! 

16 

9.4676796 

27.007536 

+  ().!  106&8 

27.007  132 

0.173639 

0.062597 

5 

L'l 

.",7.1  mi 

210 

88  20 

11 

9.544  17,sn 

27.008599 

+0.196247 

27.008  1  16 

0.248823 

0.052092 

6 

.'! 

1 1.63 

240 

-  87  48 

4 

9.41131  16 

27.008698 

+0.264581 

27.008341 

0.297071 

0.032133 

6 

20 

5.30 

270 

88   19 

32 

s. Ms:i  sine, 

27.007728 

+  0.299728 

27.007593 

0.311  176 

0.011  613 

6 

16 

10.56 

300 

g8  22 

.... 

7.5321816 

27.006562 

+0.292816 

27.006557 

0.293250 

ii. in  in  130 

0 

59 

S.38 

330 

32 

8.5423694 

27.006176 

1  0  243874 

27. (128 

0.249105 

i 5182 

5 

:;i 

1.63 

V 

-532    11 

7,7 

162.043353 

0.803287 

162.042246 

1.028523 

0.224  130 

29 

15 

17.82 

5 

—  2 

533     '.' 

13 

162.043348 

ii  803293 

162.042242 

1.031946 

0.227545 

29 

26 

50.85 

E 

i°s! 

log  J' 

logg 

log  q 

log  r 

log  (J,— G") 

0 

0.0025877 

0.276  1500 

0.1799707 

o.l  is;;  lor, 

3.S31  oi'7l 

5.166  1192 

7,.  107,  01  7  1 

1.429  17  17 

30 

IN  II  l- OSS  7 

0.2757852 

0.1792229 

6.4  1681  lo 

3.8580378 

5.1937562 

5.192  7566 

1.426  5919 

60 

0.001  1995 

0.2750001 

0.1783398 

c,.7,i' 1  9986 

3.932  0091 

5.267  8436 

."",.100  7,707, 

1.426  7771 

•.in 

ii. 7-',  L'l 

0.274  '"ii;; 

0.1772196 

6.6157906 

1.0252257 

5.3607256 

5.3597128 

L.4293015 

120 

(1. 

0.273  8923 

n.177n'.'.",7 

6.7009450 

4.1105921 

5.4  17,0101 

5.4  17,  ooi'7 

1.431  2326 

17,11 

0.001  7613 

0.2753489 

0.1787322 

6.7589559 

l.ioo  loss 

5.5052851 

5.504  1125 

1.431  1701 

1MI 

0.0028566 

0.2768082 

0.1803735 

6.78 58 

1.191  8462 

5.5278954 

5.5266396 

1.110  17  17 

210 

0.0036449 

0.2778582 

0.181  7,7,11 

6.7609474 

4.17  1  1  134 

7,.  7,lol7il7 

5.5091259 

1.4273339 

240 

0.0039929 

0.2783216 

o.l  si'  (177,7, 

6.704  1320 

1.1187250 

5.454  4932 

5.4538485 

1.4262263 

17" 

39213 

0.2782263 

0.1819683 

0.0 10  S7 75 

1.034  7585 

5.3701732 

5.3699402 

1.117  l'7,i  is 

300 

0.0035638 

0.2777502 

o.l  si  1329 

6.5255910 

3.9403890 

5.2755478 

5.2755392 

1.4299356 

0.0031    - 

0.277  1094 

0.1807123 

6  l  189104 

3.8629284 

7,.  1  OS  0770 

5.197  9730 

1.431  1585 

5 

0.0151689 

1.65S  222  1 

1.0792861 

9.6512920 

1.1245888 

2.1381153 

2.1336169 

•101.007  11 

\ 

0.0152513 

1.079  4097 

0.07,1  2958 

1.1  l'l  7,010 

2.1381878 

2.133  6210 

♦161.06761 

logF3 


log  /.' 


log  S 


log  II', 


/,'   ain  r 
+S  (COS  D+COS  B) 


1468592  kO.1595246    0.2657824 

679327  n0.322  5675 

60    9.2098603  ii0.3976712'«0.2222601 

90    9.2663508  n0.277 7676 m9.8194869 


9.1038763 
8.7027387 
«8.7286511 

»s.7  17,01  77 


6.1122403 
6.1313612 
6.2066851 
6.3079843 


&4.4058966 

»4.1985735 

1.1955690 

I  .",17  7,107, 


&5.3236713 
«5.5602547 
»5.6646812 

„7,.c,::s  1 170 1 


-0.000 1 1117,1 19245 

+  0. 107792118 

+0.00015333585 
+0.00019816106 


tiding  numbers  have  been  added. 
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II 


E 

lOgJo 

log  ,7a 

lo    / 

log  F8 

log  S 

log   II", 

/.',  sin  i- 
+S0(co  u+eo    E) 

120 

8.6290725 

»9.8365490 

9.8150002 

8.8898136 

6.399  0613 

4.3072314 

reS.2793630 

•f-0.000 190  31365 

L50|»9.1618624 

9.9060919 

0.2830880 

9.3840929 

6.4572346 

»4.2550266 

5.4162047 

+  0. 122  22  107 

180  ra9.417  8029 

0.3385237 

o.i  169507 

9.4662129 

6.4735880 

,/l  6479795 

5.8678507 

+0.0000088922] 

210?i9.391  7932 

0.4870918 

O.  IS.",  ISO'.) 

9.2608206 

6.4  is  1334 

n4.5309984 

5.9974087 

0.000]  loui  196 

240 

a9.0325287 

0.5099037 

0.4187682 

8.9706349 

6.388872] 

3.5829583 

5.9643318 

0.00018859570 

270 

8.8306376 

0.4203771 

0.2080342 

/t8.8955979 

6.307  7209 

t.5232280 

5.7897173 

0. » 199  15173 

300 

9.1325664 

0.1532419 

9.4792017 

^8.3990336 

6.22]  0777 

1.450  5550 

5. 12S  1275 

—  0.00015503995 

330 

8.4298249 

//S.S3S0SS1 

^9.9842956 

8.9410842 

o.i  i:i:;i  io 

//3.I  15  02  1  1 

nl  ii  lo  L696 

-0.000084  13003 

\ 

*2.210  0104 

•ii.i it ii  2500899 

*— 0.000  000189983 

+0.00010639725 

+  0.000  no:;  si  301 

—\ 

*2.2100109 

*0.001 250  0899 

•—0.000000189  989 

+0.00010628675  +0.00000381349 

E 

— Ku  cos  r 
+^-(jBeoV+i  W»              II'hCos" 

II",,  sill  11 

-S-  Bo 
a 

log- sin  E  /.'"" 
a 

log  '  s<»> 
a 

0 

30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
330 

-0.000  120  19121 
-0.000  1104751(1 
-ii.  in  hi  049  9  41  IS 
+  0.0000488422] 
+0.00016372520 
+0.00025901646 
+0.00029756923 
+0.00025859897 
+  0.000  15001907 
+0.00003508579 
-0.00005982940 
-0.00011301587 

-0.000018505013 
0.000015293859 

+  0.000  007  550  507 
+  0.000  02S  18507] 
+  0.O0OO1 7  os  I  089 
_o.oooo20  000473. 

-0.000  001  7SI1  10 

—0.000059670973 

—  0.000017909313 
+  0. 000017710220 
+  0.000019  842790 
-o.oooool  oi  I  512 

-0.000010075  877 

0.000032953015 

—0.000045582053 

—0.000033078  773 

-0.000  007020510 

-0.000001830673 
-0.000035274618 

-0.000  07  9. ".03  1  13 
—0.000090357562 
—  0.000059  019  459 
-0.000018040859 
+  0.000000141991 

-0.000  205  73  1  15 

—  0.0002224  1909 
—0.00028880400 
—0.000406  15673 

—  0.000  552  S2071 
-0.00067519875 
-0.00071750180 

—  0.000001  i;53i  s 
—0.00054000750 
-O.OOO4O021O2S 

—  0.00029894808 
-0.ooo2.31  8540] 

0.3,27  00S9 
6.6035059 
0.720  1020 
6.7062725 
6.4972159 

»0.  iss  ll  17 

/,(',. 090OS33 
//0.719S992 
n6.6184985 
w6.3456517 

„  1.91  SI  13X1' 

// 1.095  91 12 

1.6548592 

I.9.V.I097S 

4.6769120 

/,  1.590  0379 

„  1.97S952S 

1/4.S72  0097 

3.952  03S9 

4.9354063 

1.909  8452 

i/3. 9  129021 

-0.00037805168 
-0.00037805210 

-0.000050  114090 
—0.000  056093526 

-0.000206351485 
—0.000206243074 

—0.002  60382254 
0.00260382263 

*_0.000  002  30582 
*— 0.00000236831 

•  +  0.0000(10  1845000 
'+0.0000004975249 

'The  corresponding  numbers  have  I n  added. 


The  usual  test  equations  have  been  applied,  and  the  work 
was  also  earned  twice  through  from  the  beginning'  as  a 
further  check.  It  maybe  remarked  that  in  the  computa- 
tion of  the  perturbations  of  Mercury  by  Mars  the  dis- 
cordances of  the  sums  of  the  functions  from  log-P  to  the 
end  were  somewhat  greater  than  here  shown  when  the 
orbit  was  divided  into  twelve  parts,  but  when  the  number 
ot  points  of  division  was  increased  to  twenty-lour,  the 
values  of  ±\  and  2"2  became  practically   indentical. 

A  further  test  of  B0  and  S0  is  stated  by  .Mr.  R.  T.  A. 
Innes  (Monthly  Notices  of  the  Royal  Astronomical  Society, 
vol.  i.i i,  p.  SO).     It  arises  from  the  circumstance  that,  since 

dal 

— -     =  0,     we  must  have 
*  Joo 

sin  q  .  J-  A[*]  +  cos  (/  .  /,';; '    =  0. 

Upon  substituting  the  values,  there  is  obtained 
sin,/  i  4<»>  +  cosg  .  /;,',"    =    +0.OO0. ,000,000,73.* 


*The  residuals  in   the  case  of  the   computations  with    Mars  on 
Mercury  and  the  Earth  on  Mercury  were. 

With  Mars,  +n.<«>{). ,000,10 

With  the  Earth,  0.000,000, ,16 


[f  hi'  is  left  indefinite,  the  resulting  values  ol   the  differ- 
ential coefficients  are  the  following  : 


3.3  171 


+  1613.81 


51.4148  »i 


["— "1- 
\_dt   Joo 

r^n  =  _i55o.8i 

[   dt    |oo 

L  dt  Joo 

ra   =    -2312.2 
L  df  Jon 


+  1002.24 


/,( 1.52  10032 
p3.2078521 


iil.711088] 


.1905591 


3.204728] 


3640422 


II  we  adopt  the  mass  of  Jupiter  given  above, 

/»'  =  (1  -+1047.879), 
we  obtain 
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•  0.00319413 
=   +1.540072 

r— i  = 


0.0490656 


H  =   - 


[£>   +1-529°34 
[-^1  =   -2.206638 

If  we  adopt  for  m1  the  value  assumed  by  LeVerrieb 
viz:   »/  =  i).0(l()9523S  i    Innules  de  V Observatoire  de  Paris 


Coi       Vj        -     6,  7, 19),  thi    results  from  the  t  wo  mel  bods 

mi.'  ]   i mpared  as  follows  : 


Method  of  <•  u  ss 

+0.0031877 


dt    H 

I  **?  |   - 
L  llt  Joo 

r— i- 


—0.0489664 

-1.47696 

+1.52594 


=   -2.20218 


Method  hi  I  i  V  I  rrh  R 
+0.00319 

—0.04897 

-1.47699 

+1.5259 

—2.2034 


Thi  Flower  Observatory,  Univ.  oj  Penna.,  1896  Sept.  16. 


ON    SAWYER'S    NEW    VARIABLE   IN    GEMINI, 

By    PAUL   s.    JTENDELL. 


I  began  observing  this  star  al  Mr.  Sawyer's  request, 
early  in  April  of  the  present  year.  It  was  then  rather  Ear 
west,  and  owing  to  unfavorable  weather  and  increasing 
twilight,  1   was   able   to   secure   only  eight   observations, 

which  did  qo1  appear  to  to  be  in  themselves  sufficient^ 

decisive  tn  warrant  a  confirmation. 

A  comparison  of  these  observations  with  Mr.  Sawter's, 
published  in  this  Journal,  p.  3  of  the  current  volume,  re- 
sults, in  spite  of  the  meagrencss  of  the  material,  in  a  dis- 
confirmation  of  the  star's  variability  and  type.  The 
light-range  observed,  from  6*.75  to  7".50,  corresponds  verj 
with  Mr.  Sawyer's,  and  the  two  minima,  which  were 

Dorchester,   Mass.,   1896  Oct.  7. 


observed  on  a  dark  sky.  fall  very  near  bis  computed  dates. 
The  comparison-stars  used  were  the  same  as  his. 

M\  observations  indicate  three  minima,  and  there  are 
three  single  observations  near  maximum. 

The  minima  are  as  follows : 


1896  April    9.2        7.35 
15.4         7.33 
May        1.2  7.50 

The  observations  near  maximum  are, 


2  obs 
1     •• 


L896  April  5.4 
L0.3 
20.35 


6.4  : 
6.75 
6.75 


<)N    THE    VARIABILITY   OF   DM.27°2772  AND   4  1332, 

By   PAUL  S.   VKXDELL. 


DM.  27°2772. 

a  =  17     l     58    I     .     8  =  +27°  U'.:l     (1855) 
I    e  variability  of  this  star  is  announced  by  A.nderson, 
Astronomische  Nachriehten,  no.  3366. 

I   have  ten  observations  of  it.   from    L896  Aaig.  25  to 
23,  showing  a  e  i  com  8  '  9  to  9".6.     The 

Star  is  variable. 

DM.  1    1332. 
a  =  10"  57m  23'.0    ,     8  = +4°  22'.9     (1855) 

This  is  one  of  the  list  of  Missing  Uurchmusterung  Stars, 
published  by  Chandler  on  the  last  page  of  his  Third 
igue. 

1  looked  for  it  1896  kug.  30,  and  found  an  11"  star  in 
its  apparent  place.  Eaving  aeans  of  verifying  its  po- 
sition, I  could  not  certainly  id<  This,  howe  i  • 


been    done   at     my    request   by    Mr.  J.  A.  PARKH1  i.'st.    who 
has  kindly  communicated  bis  results  by  letter. 
I  have  obsen  ations  as  follows  : 

1896  Sept.  1  l 


1896  Aug. 

Sept. 


11.4 
11.:;- 


Bright  moonlight. 

Mi.  PARKHl   RST's  est  i  mate  on   Sept.  1  '.I  was   Ll".l. 

The  apparent  increase  shown  by  my  observations  is  alto- 
gether uncertain,  as  tin-  star  is  far  too  faint  in  my  telescoj  e 
for  trustworthy  comparison,  though  readily  seen.  It-,  vari- 
ability   seems     probable,    but    this    depends    greatly    On     the 

character  of  Dr.  Chandler's  observations,  of  which  I  have 
no  knowledge. 

h  w  .1  certainly  observed  at  Bonn,  1855  July  26,  as  9*.5 
i  Bonn  Obsi  rvations,  Vol.  VI). 


N"  ...so 
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ELLIPTIC    ELEMENTS   AND    EPHEMERIS   OF   COMET  d.  1896  (giacobini), 

i:n    Rev.  GEO.  M.  SE  \UI,K. 


The  following  elements  were  obtained  from  the  observa- 
tion at  Mi.  Hamilton  Sept.  5,  al  the  U.S. Naval  Observatorj 
Sept.  9,  and  at  Mt.  Hamilton  Sept.  28. 

Nov. 2.5242  Greenw.  M.T. 


T  = 
Q,   = 


L96  1  I  30  ) 
144     8  17 
10  58  L3) 
28    13  52 
0.428573 


L896.0 


,/\  =-  +(i"    ,    .1/3  =  0". 


Cf     = 
log  a   = 

Period,  1605  days. 
For  the  middle  place  (O  — C), 
It  did  not  seem  worth  while  to  obtain  a  closer  approxi- 
mation, on  account  of  the  unavoidable  inaccuracy  of  single 
observations  of  an  object  of  this  character. 
The  observation  at  Mt.  Hamilton  Sept.  7  gives 
z/X  =    +4"     ,     J  p  =    +2". 
No  others  have  yet  been  compared. 

These  elements  give  the  following  coordinate  formulas 
for  the  equator  of  1896.0  : 


x  =  [0.422063]  sin(E  f-  72  23  15)  1.210844 
y  =  [0.368362]  sin(E  +  336  17  50)  +  0.442303 
z  =  [9.732966]  sin(E+352  13  23)  +  0.035171 

and  the  following  ephemeris  for  Greenwich  midnight. 


Dale 

a 

8 

log  A 

Br. 

Oct.    7.5 

is 

28 

55 

-12 

1 5.8 

0.061  1 

0.95 

9.5 

:;l 

11 

28. 1 

.0638 

ll.r. 

in 

32 

40.0 

.0663 

13.5 

46 

28 

12 

50.9 

.(ICS.S 

L5.5 

52 

30 

13 

0.9 

.071  1 

0.04 

17.5 

18 

58 

37 

10.0 

.07  In 

19.5 

L9 

4 

4!) 

18.1 

.(1766 

21.5 

11 

6 

25.3 

.0793 

23.5 

17 

27 

31.4 

,0820 

0.90 

25.5 

23 

51 

36.6 

.0848 

27.5 

30 

20 

40.7 

,0877 

29.5 

36 

52 

13.7 

.0906 

31.5 

19 

L3 

26 

-13 

45.7 

0.0935 

0.85 

The  unit  of  brightness  is  that  of  Sept.  i 
Washington,  1806  Oct.  7. 


OBSERVATIONS   OF   COMET   1894  IV. 


MAHE    AT   THE    I'll  AMBERLIN    OBSERVATORY,    IN 

[VERSITY    PARK. 

1  old:  Aim, 

By  HERBERT    A.   HOWE. 

LS94r95  I'niv 

Park  M.T. 

* 

No. 

#- 

-* 

#'sa 

pparent 

8 

log 

>A 

Ja 

a 

for  u 

for  8 

Nov.  29 

8h18m50S 

1 

Hi  ,  10 

-i'":;i.V. 

+  1  37.7 

23    II    13.67 

-10     5     9.6 

9.394 

0.813 

Dec.  15 

7  in  53 

2 

10  ,  1(> 

+  0  11.44 

-2  23.4 

23  29     6.10 

-  4  36  15.3 

9.194 

0.784 

17 

7  13  16 

3 

1  ,  1 

0.00 

0.0 

23  34  31.32 

-  3  r,r,  51.1 

9.218 

0.779 

8     3  36 

3 

10  .  in 

+  o     5.33 

+  o  39.2 

23  34  :;<;.i;5 

-  3  rK,  n.9 

9.404 

0.775 

18 

7  40  12 

4 

10  ,  10 

+  0     1.70 

-2  56.6 

23  -".7   16.42 

-  3  35  21.0 

9.334 

0.775 

19 

7  54     7 

5 

14  ,  10 

-2  33.41 

+  5  34.6 

23  39  59.00 

_  ;;;  15  10.6 

9.383 

(1.771 

L'n 

6  50  55 

6 

20  .  lo 

+0     3.23 

-2  45.1 

23    12  31.97 

-  2  56    5.2 

9.115 

0.771' 

21 

6  37  58 

7 

10  .  10 

+  o     o.7o 

+  2  39  5 

23  45  10.76 

-  2  36  23.9 

9.034 

0.770 

22 

6  49  49 

8 

15  .  lo 

—  0  26.50 

-1  41.7 

23   17  51.84 

-   2   16  22.1 

9.124 

0.767 

25 

6  48  11 

9 

5 

-1  47.3 

-    1    17  34.0 

0.759 

7     7  33 

9 

•> 

+  0    17.74 

23  r,r,  47.75 

9.238 

31 

6  42  15 

10 

5 

+  4     S.7 

+   6  37  27.7 

0.7  11' 

7     3  10 

10 

4 

-0     4.22 

0   11    19.77 

9.255 

Jan.  19 

8  30  ± 

11 

1  ,1 

0.00 

0.0 

0  58  38.01 

+  6  17  14.:; 

9.556 

0.708 

Mean,  Places,  for  beginning  of  year,  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  pla<-« 

3 

Red.  i" 
app.  place 

Authority 

1 

22h45m428.21 

+  .T01 

-in     7     1.3 

+  14.0 

Foil.  A.rg.  G.C.  31007,       1  56.71    8  11.0  N 

O 

23  28  51.66 

+3.00 

-   4  34     9.3 

+  17.4 

Foil.  Arg.G.C.31837,      2  18.89    5  16.8  N 

23  34  28.32 

-f-3.00 

_  3  56     8.9 

+  17.S 

Prec.  Brussels  10616,       3  10.80    1    8.1  S 

4 

23  37  11.72 

+3.00 

-   3  32  42.3 

+  17.0 

Foil,  l.alamlc  46.-il  5.6.     3  40.71     0     1.7  N 

5 

23  41'  29.40 

+3.01 

-  3  11     3.4 

+18.2 

A.rg.G.C.321  17  ami  farnalll0782 

6 

23  42  15.75 

+  1.00 

_  i  5:;  38.3 

+18.2 

Foil.  Rad.  (1890  6339,    3  25.92    9    3.3  N 

7 

23  45     7.07 

+  1.00 

-  l  39  21.8 

+18.4 

Prec.  LG.C.32259,         1     5.69    7  12.0  S 

8 

23  48  15.35 

+  1.00 

-2  11  58.9 

+18.5 

Prec.  Brussels  10730,       4  50.68    1  30.6  N 

'.( 

23  r,r,  27.01 

+3.00 

-   1   16     5.7 

+  10.O 

Prec.  A..G.C.32426,          1  L0.68  10  37.0  S 

Hi 

0  11  20.97 

+3.02 

+  it  32  59.1 

+19.9 

Foil.  Munich  (1880)  87,   3  31.56    0  24.7  N 

11 

0  58  38.06 

-0.05 

+   6  17  12.0 

+   2.3 

Foll.Glasgow(1870)259.  o  18.12    5    8.2  N 

1 1 
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lied  anew,  aud   i                      bhe  appearance  oi   bhe  cornel  bave 

T.y  333,  334,  339  and  344      Bui   the  value  then  usa  Che  inagnifj'ing  power  used  on  bhe  20-inch 

Eor  a                                                             '   was  over  0".3  in  equatorial  was  L85  diameters. 
.  at  ions    lm\  e    been,    1 1  i                  duced 


STOTES. 


\ .         \  nucleus  was  suspected  al   Srst,  but  the  cornel 
(ainl  in  haze. 

Dec.  15.     At  Brsl  the  comet  was  large  and  diffuse,  compared  with 
its  former  appearance  :  ii  w  angle  of  about 

i  ,t  1 1  \  a  small  bright  point  i ■• 
precedin 

17.  The  comet  was  f ainl  in  haze,  but  bad  a  short  tail  and 
definite  nuclear  point.  When  it  was  transiting  over  the  star,  the 
light  of  the  latter  overpowered  the  faint  nucleus,  and  caused  it  to 
disappi 

:  was  faint  in  haze. 
Dec.  19.     The  nucleus  was  plain,  though  faint  :  a  diffuse,  bushy 
tail  was  suspected  at  a  position-angle  of  about  60°. 


Dec.  20.     The  nucleus  was  visible  onlj  occasionally. 

i  i  I    n  i-.  \  ei  s    faint  ;  t  he  seeing   was    fine  :  the 
nucleus  was  visible. 
Dec.  22.    The  comet  "as  difficult  to  see. 

Dec.  25.  The  skj  was  dull  ;  the  comet  was  obliterated  before  a 
complete  set  of  observations  could  be  taken. 

:i.    The  cornel   was  verj  faint  and  diffuse;  it  occasionally 
showed  a  nuclear  condensation. 

Jan.  19.  The  comet  was  at  the  limit  of  visibility;  it  vanished 
when  it  transited  over  the  comparison-star.  The  estimated  time  oi 
coincidence  maj  be  several  minutes  in  error. 


CORRECTED    EPHEMERIS    OF    THE    COMPONENT 
PERIODIC   COMET  L889  V, 

l;\    S.  C.  CHANDLER. 
Through  an  inexcusable  bluudet  the  time  "I   perihelion 
je,  in  A.J., no. 365,  was  given  as  1896  Nov. 3.9297, in- 
if  IS96  Nov.  3.026.     The  corrected  ephemerisis: 


C,    OF    THE 


Gr.  M.T. 

M'l1" 

App.  o 

log  A 

Oct.  3.5 

ll          111          s 

22  10  37 

16  52.8 

0.0502 

7.5 

11     6 

L6  24.8 

.0594 

11.5 

1'.'     6 

15  54.3 

.0692 

15.5 

13  38 

!.-.  21.3 

.0796 

19.5 

15    1" 

1  1  46.0 

.0903 

23.5 

22  is   ll 

-  1  1     8.6 

0.1015 

Gr.  M.T. 

App.a 

<  let.  27.5 

22  21  11 

31.5 

22  24  35 

App.  8 

-13  29.3 

-12   is.:; 


0.1129 

0.11*1.-. 


The  relative  geocentric  position  of  C,  with  reference  to 
A,  varies  quite  uniformly  from  2ra  34'  following  and   L6'.8 

north    on  Oct.  3,   to  l""  l'    following   and    15'.0    tiortl 

Oct.  31. 

From  the  magnitude  oi  these  differences  it  is  manifesl 
bhal  tlic  remarks  aboul  bhe  identitj  of  the f ragmenl  bereto- 
fore  observed  during  the  presenl  appearance  lust-  bheir  force, 


COMET  c  1896  (1889  V). 

Finding    Ep bis  bi    CHARLES    LANE    POOR. 


i  inued   ti  "in   \".  383. 


Gr.  M.T. 

tpp. 

« 

App.S 

111;  A 

Br. 

<; 

•.  M.T. 

App.a 

A-PP.o 

log  A 

Br. 

•  >•> 

11 

17' 

-15  37   L3 

0.0822 

1.6 

N 

■  \.  8.5 

22  30"  Ki 

1 1   35  28 

O.l. '.Ill 

1.1' 

1  7..-. 

12 

18 

19  39 

10.5 

32  57 

12  37 

19.5 

13 

25 

1   34 

0.0930 

1.5 

ll'..". 

35   17 

-10  49  I'l 

0.1622 

1.1 

21.5 

1  1 

38 

-1  1    13     7 

1  L5 

37    13 

25    13 

23.5 

15 

59 

24     3 

0.1040 

1.5 

L6.5 

10   L3 

1    .Mi 

0.17IO 

1.1 

25.5 

17 

28 

1  28 

18.5 

ll'     IS 

-   9  37  30 

27.5 

I'.i 

3 

-13    II  28 

II.  11. VI 

1.1 

20.5 

15  27 

ll  59 

0.1857 

l.o 

29.5 

L'o 

13 

2 1     6 

22.5 

is    8 

-   s    is     7 

31.5 

22 

31 

3     8 

0.1269 

1.3 

24.5 

:,u  56 

23     0 

0.1974 

1.0 

2.5 

24 

26 

-12    II   55 

26.5 

53   Ii'. 

-    7  57  30 

1.5 

26 

24 

20   l:; 

0.1386 

1.2 

28.5 

56    m 

31   .-..'. 

0.2090 

0.9 

6.5 

22 

28 

30 

-11  58     i) 

30.5 

22  59  38 
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ELEMENTS    AND    EPHEMERIS   OF   COMET  cL  1896  (giacobini)* 

l'.\    Prof.  STIMSON  J.   BROWN, 

U.S.    S  WA1.    OBS1  i:\   \  TORI 

[Communicated  bj   Prof.  Wsi.  Habkness,   U.S.N.,  Astronomical  Director.] 


ons  with  the  ephemeris  of 

'  ircular,  Sept.  12,  L896), 

imounting  Sept.  1 1 


to        lo    hi  right-ascension  and    +'-'  in  declination.     An 
ephemeris  which  I  computed  from  t]  s  oi  Hi  ~ - 1  \ 

and  Perrine  was  still  more  rapidly  divergent. 
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The  following  elements  wore  derived   from  the  observa- 
tions of  the  Lick  Observatory  Sept.  5,  and  mj  own  Sept.8 
ami  11.     An  attempl  to  use  '  Ilbers's  method 
this  case  to  be  unite  unserviceable,  and   recourse  was  had 
to  Oppolzer's  method.     The  orbit  is  so  evidently  elliptical 

thai   no  parabolic  orbil  can  be  ex] ted  to  represent  the 

net's  position  for  a  period  longer  than  a  few  days.     A 

comparison  of  the  present  ephemeris  with  those  computed 
from  observations  of  Sept.  5,6  and  7.  shows  a  devj 
Sept.  29  of  11"  in  right-ascension  and  45'  in  declination. 
Tic  comet's  position  is  probably  still  more  to  the  west  than 
shown  in  my  ephemeris. 

Washington,  D.C.,  1896  Sept.29. 


I    i  i   a  i  \  is. 

T  =    L896  0ctobei  21 

m  =   1  15  26  34 
Q   =    191   58     3 


•  _ 

1 1    1  1  59 

log.  g 

0.13368 

For  middle  obsen  at  i< 

l,      .1/3=  +  0' 
Ephemeris. 

.3  ,    1- 

Gr.  Midnight. 

a 

6 

Sept.    1  7.o 

17  38   18 

-  9  37.1 

23.5 

17  53    13 

Ki  33.9 

29.5 

is  lo  48 

-11   27.6 

Oct.    5.5 

18  29  28 

-11'  16.6 

1 1 .5 

18  49   II 

-12  59.5 

=  -l'.y. 


OBSERVATIONS   OF   COMET  cl  1896  (giacobini)* 

MADE    AT   THE    f.s,    NAVAL    OBSEBVATOBY, 

Bv  Pkof.  STIMSON  J.   BROWN. 
[Communicated  by  Prof.  Wm.  Harkness,  I'.s.v,  Astronomical  Director.] 


Greenwich  M.T. 


No. 
<  .  •  1 1 1 1 . 


la 


i8 


s  apparent 


log  /-A 
for  a       |     for  S 


Sept, 


8.5602 

9.5770 

10.5521 

11.5453 


-3  50.09 
-ft  34.45 
-0  L3.00 
-u  20.84 


_3  39.66 
+  1'  25.67 
I  i  L8  68 
+  1   50.80 


17  is  36.54 
I'd  37.61 
22  36.17 

17  24  38.67 


-8  in  17. s 

-8  20  35.9 

-8  29  59.3 

_8  39  33.8 


9.4172 
9.4761 
9.3866 
9.3621 


0.7986 
0.7947 
0.8016 
0.8038 


Mean  Places  for  1896.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

17  22  23.60 

+  3A12.5 

-s     6  59*6 

—  5.57 

',  i  Radcliffe  L890+Greenw.  L880) 

2 

17  21     9.06 

+3.000 

-s  22  55.83 

-5.54 

From   *1,      la  -lm  14'.54:  .78-15 

56".22 

3 

17  22  34.67 

+2.990 

-8  :;i   12.2 

-5.81 

From  *3ft,    /,(  +1'"'  24-.20;  .78+   0 

30".62 

3a 

17  20  ln.47 

+2.990 

-8  34    12.8 

-5.81 

](2Schj.+M.  I+M.II-) 

4 

17  24  56.51 

+3.000 

-8  41  19.0 

-.A  on 

From  *4".    1".  + 1.V.44:     IS  +6' 

9".6 

In 

17  24  41.07 

+3.000 

-8  47  28.6 

-5.50 

i  (Weisse's  Bessel+Munich  I) 

Magnifying  power  200.     The  following   corrections    have   been  applied  to  reduce  to   a  common   epoch:    Sept.  8,  J8—  -:i".(i  for  +7'". 8: 
Sept.  9,  J8  — 0".2.  for  +0m.5;     Sept.  10,  Ja-    0».19  for  —2'". 2:     Sept.  11,  JS  — 0".l  for  +0'".3. 


ELEMENTS   AND   EPHEMERIS   OF   COMET  d  1896  {giacobini), 

Bv  F.   II.  SEAliES. 


With  the  assistance  of  Mr.  E.  T.  Crawford,  I  have  re- 
computed the  elements  of  the  comet  found  by  Giacobini. 
The  observations  used  were  made  at  the  Lick  Observatory 
by  Professor  Hussey  on  Sept.  5,  11  and  2<S  —  two  obser- 
vations of  the  last  date  being  combined  into  a  single 
position  for  the  computation. 

The  following  parabolic  elements  have  been  obtained  bj 
variation  of  the  ratio  of  the  geocentric  distances  (M),  the 
approximations  being  continued  until  two  successive  trials 
produced  no  change  in  this  ratio. 

The  elements  are 


8,  = 


Oct.    lS.DlSUi;   CreellW.   M.T. 

12°  20'    o!o) 

1st;  I,.  44.0     Mean  Equinox  of  1896.0 
136  1<i 
1.615267 


:ij 


Represention  of  the  middle  places.  (O— C) : 

fa.  cos/3  =   -5".9     ;     .1(3  =    -20".6. 

Professor  Hussey  writes   me   that  the   position   el    $ 
11    was  obtained    by  combining   two   incomplete  oh 
tions,— the  declination  of   the  first  being'  reduced  to  the 


•  From  Supplement  to  No.  38o. 


II. 


T  HE      \  S  i  IK'  n  «>  M  1 1'  \  I.    JOURNA  L. 


N-  386 


ifini  of  the  i         may  [partially  acconnl   for  the 

relatively  large  residual  in  latitude. 
The  ■  I  reenv  ich  mean  mid 

puted. 
Gr.M.T.  a  8  Br. 

L7.5  18  58"  L6  L3°12.'i 

L8.5  19     1    19  IC.3         0.1684         0.92 

19.5  19     1  22         -13  20.4 

/  „;>-.  of  Cal.,  1896  1 1 


(..-.  M.  I. 

Oct.  20.5 
21.5 
22.5 
23.5 
24.5 

26.5 


log  l> 


19     :  27 

-13 

24.2 

in  32 

27.8 

l:;  38 

31.2 

0.1745 

0.81 

16    15 

34.3 

L9  52 

37.1 

23     0 

39  7 

19  26     9 

13 

t2.0 

0.181 1 

II.. XI 

OBSERVATIONS  OF  COMETS, 

UADl     WITH    nil     16-INCH    EQUATORIAL     \  M>    FILAR    MICROMETER     \  l    GOOD8ELL  OBSERVATORT,    SJOHTHFIELD,    MINN., 

Bi    II.   C.   WILSON 


-  i    gortufleld  M.T. 

* 

v 
i  omp. 

•       * 
/la         |          jS 

6/'*  apparent 
a                         8 

log  /'A 

for  a      |     for  8 

Pj  riodii    i  ometc  1896  =  1889  V. 

Aug.  17 

- 

15     8     9 
11   38   13 
m   17    L6 

1 
2 

3 

12,6 

'.i  .  8 
12  ,6 

+  u  28.69 
-1   23.27 
+  o  18.18 

-4   L0.9 
-1  48.9 
+  u  46.3 

22  30     5.32 
22   L9   19.42 
22   16     6.60 

-19     1      1.9 
-19     7     0.4 

-19     ii    11.1 

9.426 
8.325 
8.966 

0.874 
0.897 
0.895 

Sept.  11 

8  29   16 

1 

8  .  I 

Comi  i  d  L896  (Giai  obini.) 

t  H     3.59    |    +7   16.2      17  24    17.78           8    10   17.1 

9.417 

0.845 

3 

10  29  19 

5 

6,  1 

Comei  e  L896  <  Sperra.) 
•  n  56.42        -  2  55.5      16  13  23.11      +  18     9  29.0 

9.790 

0.710 

Mean    Places  for  1896.0  of  Comparison- Stars. 


Red.  to 

§ 

Red.  to 

* 

a 

app.  place 

app.  place 

1 

Urns 

22  29  32.39 

+  L2 1 

-18  7,7   1  I.e. 

1  20.6 

•' 

22  I'o  38.29 

+4.40 

-19    5  31.2 

+19.7 

3 

22   15    14.01 

+  1.11 

-lit     1   46.4 

+  19.0 

1 

17  24    11.20 

+3.00 

-  8  47  27.8 

—  5.5 

•"■ 

16  12  25.84 

+0.85 

+  4s   12  23.9 

+  1.6 

Oe.-Arg.  S.,  17  177 
Cincinnati  Z.C.  -'1777 
Cincinnati  Z.< !.  "7f>l 
Munich,,,  14102 
Oe.-Arg.  N..Z.  1,63 


17.     Comet  taint  and  small,   yet   easily  observed  with   the 
16-inch  telescope,     [t  ha  '  ondensation. 

Sept.  11.     Giacobini  cornel  very  faint,  round,  about    I'  in  diame- 
ter, with  >lk'lit  central  condensation. 


NOTES 

Sept.  2S.  Sperra  cornel  exceedingly  fatal  in  moonlight,  r  to 
•_■  in  diameter,  with  verj  slight  condensation.  This  observation 
should  be  given  very  little  weight. 


NOTICE. 
M,    r,  (,.  Anki.\  of  the  Lick  Observatory  requests  thai  any  unpublished  observations  of  the  ((unci  i,  1896  (S  wit  r)  be  sent  him, 
a*  in-  desires  to  compute  definitive  elements  fot  this  comet,  employing  all  observations  which  have  i n  made. 


(   ON   I  1.  \   I  -  - 
l  in-  Sei  i  in:  Peri  urbatioxs  oi    Mercury   Arising  from  thi    Action  oi  Juph  br,  by  Mr.  Eric  I  >""i  him. 

vyer's  Ni.w   Variable  in  Gemini,  by  Mr.  Paul  s.  Yendell. 
us   iiu.  Variability  of  DM.27°2772  and  i  *332,  by  Mr.  Paul  S.  Vi:\m  i  I 
Elupth  Ephemeris  01   ("Mil  d  1896    Giacobini),  hi    Rev.  Georgb  M    Searle. 

Observation Iomei   1894IV,  by  Prof.  Herberi    a.  Howe. 

Corkected  Ephemeris  oi    mi:  Componbni    '  .  ot    mi:  Periodii    I  omi  i    1889  V,  by  Dr.  S.  C.  Chandler. 
Finding  Ephemeris  oi    Combi  by  Dn    Charles  Lane  Poor. 

.h  Ephemeris  oi    Comei  d  1896    Giacobini  .  isy  Prof.  Stimson  J.  Brown. 
Giacobini      r-i   Prof.  Stimson  J.   Brown. 
\i.-  and  Ephemeris  oi   Comi  i       1896    Giacobini  .  by  Mr.  V.  II    Sbares. 
Observations  oi    Comets,  by  Dr.  11.  C.  Wilson. 
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EPHEMERIS   OF  LONG-PERIOD   VARIABLES   FOR   1897, 

By  S.  C.  CHANDLER. 


The  following  ephemeris  contains  all  stars  of  over  four 
months  period,  for  which  elements  are  given  in  the  Third 
Catalogue,  except  three  (2213  17  Geminorum,  7754  WCygni 
and  8591  VCephei)  whose  moderate  range  of  variation 
requires  observation  in  all  stages  to  determine  their  phases. 
The  star  2815  U Geminorum  is  Included  on  account  of  its 
peculiarities  and  importance. 

The  form  of  the  ephemeris  is  that  which  seems  best 
adapted  to  enable  observers  to  select  with  facility,  for  their 
working-lists,  the  objects  most  suitable  to  their  means  and 
situation.  The  stars  whose  maxima  or  minima  occur  in 
each  calendar  month  are  arranged  in  order  of  right  ascen- 
sion. The  last  two  columns  give  the  average  magnitude  at 
the  phase,  and  its  date,  according  to  the  elements  of  the 
Third  Catalogue.  The  sign  :  indicates  that  the  elements 
are  noted  in  the  catalogue  as  uncertain.  In  a  large  pro- 
portion of  the  minima  a  clash  is  placed  in  the  date  column. 
These  are  cases  in  which  the  column  M—m  of  the  catalogue 
contains  no  data.  Notwithstanding  the  lack  of  direct  obser- 
vation of  the  minimum-phase  of  these  stars,  I  have  thought 


it  desirable  to  make  a  guess  at  the  month  in  which  thej 
are  likely  to  occur,  as  a  means  of  assisting  and  inciting 
astronomers  to  the  observation  of  these  minima  —  this  be- 
ing the  direction  in  which  our  knowledge  of  the  variables 
is  most  defective.  While  the  most  effective  work  of  this 
kind  can  be  prosecuted  only  by  telescopes  of  large  aperture, 
it  will  be  found  that  much  can  he  done  of  great  value  with 
instruments  of  moderate  size.  Even  if  a  star  cannot  be 
followed  through  its  minimum,  the  mean  of  the  times  of 
its  equality  of  brightness  with  a  faint  comparison-star,  he- 
fore  and  after  disappearance,  if  the  invisibility  is  not  of 
long  duration,  will  furnish  an  approximate  determination 
of  the  epoch  of  minimum  which  will  be  very  serviceable. 

It  may  not  be  amiss  to  indicate  the  stars  for  which  ob- 
servations of  either  maxima  or  minima  are  most  urgently 
needed.  Especially  in  arrears  are  nos.  5903,  5928, 6624 .  72.'!4 
and  7944;  in  a  less  degree,  nos.  432,  715,  2857,  1 192,  1826, 
5430,  5504,  5593,  5617,  5795,  5856,  5889,  7139,  7  14  1.  7779, 
7907  and  8597. 


Maxima,  1897. 

Jan. 

Jan. 

Feb. 

Mai- 

110 

S  Tucanae 

8.5 

18: 

6050  RS  Scorpii 

7" 

1  : 

3825     B  drsae  Maj 

7"      6 

976 

T  Arietis 

s''    29 

434 

S  Piscium 

8.5 

1 

6512 

T  llerculis 

7.5 

31 

4225     A'Centauri 

8      20: 

1944 

s'<  h-ionis 

'.»      23 

466 

J7  Piscium 

9.5 

15 

6894 

iSLyrae 

9 

25  : 

4816      V  Yirginis 

8.5  27 

2080 

li  Columbae 

8      26 

513 

R  Piscium 

8 

10 

6921 

iSSagittarii 

9.5 

14 

5249      V  Librae 

'.).r.    10: 

2100 

/ '  1  >rionis 

7      18 

715 

<SArietis 

9.5 

0 

7085-KTCygni 

7 

28 

5338     (TBootis 

9.5  11 

2258 

V  Aurigae 

9      27 

1577 

li  Tauri 

8 

12 

7404 

11  Microsc. 

8 

2 

5617      U  Librae 

9        3 

2712 

S  Geminorum 

8.5  26 

1623 

T  Camelop. 

7.5 

16 

7455 

tTCapricorni 

10.5 

6 

5795    W  Scorpii 

l".:.    3 

2815 

I '  <  reminorun 

9.3  29 

1635 

11  lieticuli 

7 

22 

7482 

V  1 'avoids 

9.5 

29: 

5903     FScorpii 

10       15  : 

3170 

S  Hydrae 

8      2  1 

2539 

11  Canis  min 

7.5 

10 

7659 

'/'( Japricorni 

9 

28 

5950    W llerculis 

8        9 

3567 

/'  Leonis 

8.5  28 

2780 

T  Geminorum  8.5 

19 

8153 

A'  Lacertae 

9 

29 

6207      ZOphiuchi 

8      26 

3637 

S  Carinae 

6        9 

2S15 

U  Geminorum  9.3 

1: 

8324 

FCassiopeae 

7.5 

16 

6849     ft  Aquilae 

6.5  18 

4407 

li  Corvi 

7        2 

3418 

li  Carinae 

5 

9 

8622 

WCeti 

8.5 

25 

711'D     xCygni 

5      23 

5037  RR  Yirginis 

11   9 

3425 

X  Hydrae 

8.5 

31 

7448    Jf'Aquarii 

8      17 

.-,070 

Z  Yirginis 

10   7 

I-Vi7 

S  Ursae  Maj 

7.5 

15 

Feb. 

8373     SPegasi 

7..-.     2 

5157 

S  Bootis 

8      23 

4596 

/"  Yirginis 

8 

31 

103 

T  Androni. 

8' 

6 

5430 

T  Librae 

9.5   L9 

5494 

S  Librae 

8 

97 

1582 

S  Tauri 

9.5 

17 

Mar. 

M 

5438 

T  Librae 

8.5  21 

5593 

If  Librae 

10 

5 

1850 

S  Pictoris 

8.5 

2  : 

22     rsculptoris 

9      16 

5504 

S  Coronae 

7       13 

5770 

X  Scorpii 

Id 

1 

2583 

L..  Puppis 

3.5 

17 

29  1     W  Cass  topi  ai 

8.5  30: 

5566  TtV  Librae 

8.5   10 

5830 

R  Scorpii 

10 

L3 

3264 

M'Cancri 

9.5 

24  : 

893       'Ceti 

7      is 

5931 

S  1  qumichi 

8.5     7 

(17) 


is 
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Mar. 

June 

Aug. 

Nov. 

Cllll           .SllrlVlllis 

7242      S  Aquilae 
7266  BT Sagittaxii 
743]      SDelphini 
7560     B  Vulpeculae 
799g     ,\  Lquarii 

6.5     7 
9      L2 

is  17 
1948 

M 

S  \  Lrgini8        6.5    8 
/,('  mum  Ven.  6.5  22 

5887 
1903 

/'  ( >phiuchi 
T  Sagittarii 

8      15 

-c.v.i 
62 

jFCapricorni    9      21 

S  Sculptoris     6.5  10  : 

7.5   1,8 
9      1  1 
8     28 
8.5    3 

5501 
5955 
1682 
6905 

5  Si  1  penl  is      8      10 
fi  I  traconis      7.5     8 
.V  Ophiuchi       7        5 
B  Sagittarii      7.5  20 

7085  BTCygni 
7242     S  Aquilae 
7260     £  Aquilae 
7  150     P  Aquarii 

7  8 
9 

9       20  : 

8  23 

806 

893 

1717 

1761 

oCeti               3.5    9 
l  Ceti               7        9 
PTauri            9        6 
BOrionia         9      17 

71  is 

A   Lquilae        8.5     6 

7560 

B  Vulpeculae 

8      13 

2583 

L,Puppis          3.5  24 

April 

7428 

P Cygni           8     20 
XCapricorni  1  * '      21 

1    Aquarii          9.5  27  : 
rPegasi          9      11 
SGruis            7      11 
S  Lquarii         8.5  21 

7994 

S  Pise.  aus. 

8.5      1  : 

.'7  Si  i 

Z'Geminorum  8.5    3 

u 

782     BArietis          8      28 

906     BTrianguli      6.5  28 

24  15    II  Monocerotia  9      L4: 

1826     B  Hydrae         1.5  20 

5095     BCentanxi       6      27 

7577 
7907 

7:ill 
8040 
8230 

110 
1805 
1981 
2013 

S  Tucanae 

V  <  (rionis 

S  <  lamelop. 

V  Aurigae 

Sept. 

8*5     8  : 
8.5       1  : 

8.5   19 

8.5  2  1 

3418 
3425 
3994 
1816 
5430 
5601 

B  Carinae        5      11 
All  Y.Ira.:          8.5  23 
s  Leonis          9.5  26 
/'  Virginia       8.5    6 
T  Librae          9.5  12 
S  1  c  ae  min.   7.5  10 

517  I  B<S  Virginia 
5194      r  !'■< 
5321      SLupi 
6132     BOphiuchi 
6923     Z  Sagittarii 
6943      rSagittae 
7u;t      rPavonia 
7139  RR  Sagittarii 
7260     ZAquilae 
7779      SCephei 
8068      SLai 

O           1  •' 

7       12 

9.5       1  : 

7.5  22 

8.5  1  I 
8.5  17: 
7.5  29 

112 

111 
243 
166 

1894 

July 

B  Androm.       7        5 
SCeti              7.5  25 
1  Cassiopeae   8.5  11 
V  Piscium        9.5     7 
rColumbae      7.5  10 

2080 
2530 
2684 
2815 
3128 
3184 

BColumbae     8        6: 

I'Canis  min.    10       10 
.s'(  a  111s  min.      7.5   29 
/ '  Geminorum  9.3   1 7  : 
l;  l'\ -xidis           8       '--  : 
Z'Hydrae         7.5  11 

5831      SScorpii        10      21 
5856    FFOphiuchi       9        6 
5950    irilrrnilis       8      21 
6050  RS  Scorpii          7        4: 
6331  Bf/Scorpii         9.5  30  : 
6624     rSerpentis    10     28 

7.5  L5 

-.1      L2: 
8.5  1" 
8      12 

2583 
2587 
3060 
1315 

tjPuppis          3.5     7 
/    Puppis         8.5  27 
1  Cancri          9.5  21 
R  Comae          7.5  22 

5190 
5617 
5644 

7.1 -.7  7 

B  Camelop. 
r  Librae 
"/.  Librae 
/,'  Serpentis 

8  12 

9  17 
11       21 

6.5  21 

7  156  RR  r.\  gni           8.5     2 
7482     V  I'uvmiis        9.5  15 
77s:;  RU Cygni           7.7.  27 
8153     B  Lacertae      9     24 

1377 

T  Virginia        8.5  25 

5761 

'/.  Scorpii 

9        l 

Maj 

1  192 

I  Virginia       8.5  25 

5795 

II  Scorpii 

10.5  13 

Dec. 

62     SSculptoris 
101      '  Si 
845     BCeti 

6*5    1  1  : 
8.5   15: 
8 

1940 
5237 
5593 

FTHydrae         6.5  27 

B  1  nut  is             7       .".1 
W  Librae         lit     30 

6921 
6943 

7 1 55 

S  Sagittarii 
Z' Sagittae 
HI!  AquUae 

9.5     1 
8.5  29 

8.5    1  1  : 

119 
166 
513 

/'Aiiilruiii.        9"     25 
/   Piscium        9.5  27 
BPiscium        8      18 

1222     E  Persei 

8.5     8 

5776 

ZScorpii        10      19 

7234 

/,'  ( lapricorni 

9.5  23  ; 

1 222 

/,'  Per  ei           8.5     3 

1717      PTauri 

9      20 

6062 

SB  Scorpii          7        6 

7261 

/,'  1  (elphini 

8.5  12 

17.77 

BTauri            8        3 

2528     1! <  reminorum  7      27 

6170S  JPScorpii          9.5  15  : 

8290 

/,'  Pegasi 

7.7.  22 

2447. 

II'  Monocerotia  9      33 

399 1      S  Leonis 

9.5  17 

6512 

7'  1  lereulis         7.7)    1  1 

8324 

/'  ( lassiopeai 

7.5     2 

2539 

B  1  'anis  min.    7.7,    13 

1260    FFCentauri 

8.5  26: 

6900 

W  Aquilae         7.5  10  : 

8512 

B  Aquarii 

7      19 

2815 

1   Ge  uinorum  9.3  13 

loll      rUrsae  Maj 

7      29 

7252 

FFCaprieorni   10.5   18 

Oct. 

2946 

B  Cancri           7        9 

4521      B  Virginis 

7      22 

7455 

/   1  lapricorni  10.5  28 

3170 

>  II    drae         8        6 

55 11   B  s  I  lib 

8      is 

7468 

'/'  Aquarii          7.5      3 

103 

T  Androm. 

s"    29 

;;.v,7 

V  Leonis          8.5  27 

9.5    '.i 

7733 

)  ( lapricorni  10.5  10 

678 

V  Persei 

7.."i    1  7  : 

3637 

S  Carinae         6     31 

5675     rCo 

7.5     7 

7813 

BGruis            8.5  20: 

717. 

S  Arietis 

9.5   19 

3825 

/,'  r raae  Maj.  7        8 

5831 

10      28 

8597 

9        9 

782 

/,'  Ariel  is 

8      31 

4225 

\  i  eni a uri       8     31 

6449      rDraconis 

8      15: 

.  A"~' 

845 

BCeti 

8      19 

7. 17, 7 

SBootia          8       7 

6608  BFSagittarii 

S         1  I 

1018 

B  1  torologii 

6      15: 

7.104 

PBootia           7      2  1 

7192      Z  Cygni 
7220      SC 

7  1"  1      l;  M 

8        7 

1 582 

STauri            9*5  24? 

1 1 1 3 

V  Arietis 

8      22 

5438 

FLibrae          x.r<  18 

10        3 

1771 

//  Leporia         6.5  I11 

1803 

'/'  Leporis 

8       25  : 

5511   RS  Librae 

i  8      21 

2266 

('  Monocerotia  6.5  28 

3493 

/,'  Leonis 

6        8 

6512 

/  II.  rculis       7.7,  I'.", 

7111      TDelphini 

9      11 

2478 

/,'  Lyncia          8        5 

1521 

B  Virginis 

7       1  1 

7045 

/,'  Cyi                7        1 

7  156  RR  Cygni 

8.5  21  : 

2691 

rCaniamin.    9.5     5 

5037 

RR  Virginis 

11      12 

7o77 

'/'  1 'a  \.mis            7.5    28 

7571      FCapricorni 
7909     SPiscisAus 

9        6 

3477 

/,'  Leonia  min.  7        7 

5095 

/,'  ( lentauri 

C 

7212 

S  Aquilae         0      30 

.  '.i      23 

3637 

S  Carinae        6        1 

5583 

X  Librae 

9.5  20 

7260 

£  Aquilae        9      28 

1557 

S  1  rsae  Maj.  7.5  25 

5770 

B  Herculis 

8.5     8 

7431 

SDelphini       9      17 

June 

1596 

U  Virginia    '    8      26 

.-,SS9 

I   Herculis 

7      22 

7560 

B  Vulpeculae  8     29 

1386     rEridani 

7*     17 

5338 

r  Bootis          9.5  in 

5928 

rOpbiuchi 

lo      27 

7609 

rCephei          6        1 

2625      ('« reminorum  8.5  26 

5494 

SLibrae          8        7 

5931 

S  1  >1  .liiiiclii 

8.5  26 

sues 

S  Lacertae       8        1 

I'M".     fr'Geminorum  9.3  23: 

5704  RR  Librae          s.r,     5 

6871 

1   Lyrae 

9      10 

8373 

SPegasi           7.7,  16 

2976     P  Cancri 

7      15 

5830 

BScorpii        10      25 

7KH 

/,'  Microscopii  8        7 

8600 

/,'  <  lassiopeae  6     30 

Minima.    1897. 

Jan. 

Jan. 

Jan. 

Jan. 

112     B  Androm.  <13"     L6: 

1771 

I;  Leporia        8*5  10 

is  17 

S  Virginis 

12*5      1  : 

5194 

FBootis          9*5     5 

401      tf  Sculpt.    <12 

2528 

BGeminor.<13      26 

1940 

u  11\  drae 

8      — 

.-,7,11 

BSLibrae        13 

782      B  Arietis 

12      26 

3994 

S  Leonis     <13      12: 

1948 

//  ( 'an.  Ven. 

11.5  — 

6170J?TF  Scorpii       14 
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Jan. 

A,,r. 

June 

Aug. 

6682 

XOphiuchi      9 

— 

3128 

R  Pyxidis    <ll"    — 

7299 

ETCygni          lOJ  14 

7181 

SDelphini     ll"    21 

6905 

R  Sagittar.      L2.5 

26 

5237 

R  Bootis         12     20 

7  182 

V  Pavonis    <12 

7456  82?  Cygni           9.5  - 

7077 

rPavonis       12 

— 

5494 

S  Librae     <18 

77,(;o 

R  Vulpeoulael3      12 

7458 

FDelphini     12 

7192 

■Z  Cygni          11.5 

9  . 

7,677 

R  Serpentis    13     23 

8600 

/,'  ( lassiopeae  10     25 

7000 

XAquarii       13 

7560 

R  Vulpeculael3 

25 

7)7  7<1 

XScorpii     <18 

SII6S 

S  Lacertae  <12      10 

7909 

SPisc.Aust.<ll 

— 

5795 

(FScorpii    <1 1      20: 

July 

6512 

'/'  1  [erculis     1 1      27 

108 

T  Anilroiu.      13      — 

Sepl 

M 

I'YIp. 

6871 

FLyrae       <12      — 

134 

#  Piscium   <14      25 

006 

ZJTrianguli    11.5  2  1 

845 

.BCeti             18 

24 

7234 

K  Capric.     <18     — 

513 

R  l'isciuiii    <13      22 

2583 

Z2Puppis          6      16 

1222 

R  Persei         13 

1 

7252 

//'Capric.     <14      22: 

659 

X<  'assiopcae  12 

2742 

S  Geminor.<13       9  : 

1886 

TEridani       11 

— 

7261 

RDelphini     12      15: 

7S2 

A' Arietis         12      31 

8264 

FFCancri      <13 

1717 

FTauri       <13 

27 

717)0 

V  Aipiarii           9.5  — 

806 

oCeti               9      20 

7,101 

FBootis           9.5  18 

2625 

FGeminor.     13 

14 

7455 

U  Capric.    <18     — 

893 

tfCeti            12      10: 

5511  RS  Librae         13 

2976 

FCancri      <12 

25 

7468 

T  Aquarii       12.5     7 

1577 

R  Tauri           1 3      16  : 

5566  RU  Librae     <12      — 

8  177 

R  Leo.  miu.    13 

18 

8290 

BPegasi     <13       3: 

1623 

T  Camelop.  <12     30: 

5704  RR  Librae         11 

4315 

R  Comae      <13 

— 

3170 

SHydrae    <12      — 

6132 

iJOphiuchi<12 

4377 

T  Virginia      12 

— 

May 

3425 

A'Hydrae       12      — 

7192 

Z  Cygni          11.7,  2  1  : 

4511 
5095 

5583 
5881 
5887 

T  Virginis      12.5 
R  Centatui       9 
X  Librae         14 
S  Scorpii     <13 
FOphiuchi     10 

10 
26: 

18 

8: 

107 
110 
432 
678 

715 

TCassiop.      1L5  20 
S  Tucanae  <11      — 

S  Cassiop.  <18        9  : 
U  Persei         11.5     2: 

S  Arietis         14        7 : 

3994 
1816 
5430 

5931 

7,07,0 

8  Leonis     <13      24 : 
FVirginis  <13      — 
T  Librae       <14      30 
SOphiuclii<13      — 
IF  Herculis      13      19 

7448 

77.77 

204 

W  Aquarii         9.5     6  : 
A  Capric.     <16      27: 

Oct. 

M 

FFCassiopeae  1 1.5     8  : 

5955 

R  Draconis     12.5 

16 

1113 

CTArietis      <11      — 
TLeporis       11      — 

Li  Mionis     <18        7  : 
THydrae    <18      — 
R  Leonis         10      17 

7045 

R  Cygni      <14        4 

166 

ri'iscium         15      5 

6903 
6943 

rSagittarii    11 
T  Sagittae        9.5 

26: 

1803 
1805 
3184 
3493 

7571 

77.00 

F<  lapricorni  14      — 
.£  Capricorn!  11.5  — 

076 
1894 

T  Arietis           0.7,      1 
Z'Columbae    11      — 

7155  RR  Aquilae  <12 
7260      Z  Aquilae      11 

— 

8153 
8373 

R  Lacertae  <13      — 
S  Pegasi        13      26  : 

1944 
2258 

6  Orionis       12      28 
F  Aurigae   <11         I  : 

7466 

RR  Cygni           9.5 
FCapric.        14 

A' Capric.     <16 
R  Grids       <12 
(7  Aquarii       14 
<S  Aquarii   <12 

— 

3637 

S  Carinae        9      10 

8(522 

IF  Ceti              12      — 

3637 

,S  Carinae         9        6 

77)71 
77,77 
7S18 

24: 

4402 
4511 
4596 

F  Virginis      12        1  : 
STJvs.  Maj.    11        4 
D  Virginis      12.5  30 

22 

Aug. 
V  Sculpt.     <12M    — 

4511      T Ursae  Maj.  12.5  23 
5174  RS  Virginis      12      — 
5321      SLupi        <12     — 

7907 

5190 

R  Camelop.     12.5  15  : 
BBootis         12.5     7 

62 

S  Sculptoris  10 

5338 

U  Bootis         12.5  31 

8230 

5338 

845 

.RCeti             13      10 

7.776 

A' Scorpii     <13 

Mar. 

5593 

W  Librae      <14      — 

1222 

R  Persei         13      29 

5955 

R  Draconis     12.5  19 

H 

5617 

U  Librae      <14      — 

1717 

FTauri       <13      16 

6512 

J' Herculis      11         8 

114 

S  Ceti             12 

2 

5644 

Z  Librae     <Cl3      — 

1850 

SPictoris    <13      — 

6608  BFSagittarii    12 

1894 

TColumbae  11 

— 

7)770 

R  Herculis  <13      — 

2445 

JFMonocer.  <10     — 

6905 

R  Sagittarii     12.5   25 

2013 

U  Aurigae      12 

— 

5830 

R  Scorpii     <13      — 
r/Hfirp.nlis      12         8 

27.80 

R  Canis  miu.  10        5  : 

7120 

v  Cygni          13.5   15  : 

2266 

FMonocer.     11 

— 

5SS9 

2787, 

C7Canis  min.  12.5     8 

7139  RR  Sagittarii<12.5  30  : 

2478 

R  Lvncis     <13 

15 

6881  Rl'  Sr.irnii          12.7,   - 

2946 

RCancri     <11        6: 

7220 

S  Cygni       <14      20: 

2580 

FCan.min.  <18 

— 

6921 

S  Sagittarii    14.5  14  : 

3186 

rCancri         10      29 

7242 

5  Aquilae       11      19 

2691 

TCan.min.  <13 

— 

7085 

RT  Cygni         10.5  12 
£  Aquilae       11      25 
TCepliei           9.5  15 
TCapricornil3.5  28 

RE7  Cygni           9 
FCassiopeae  12     20 

3567 

FLeonis     <13     — 

7260 

Z  Aquilae       11      — 

2857 

Z/Puppis     <14 

— 

7242 

8S27, 

R  Ursae  Maj.12.5  23 

746S 

T Aquarii       12.5  28 

3060 

f7Cancri     <14 

— 

7(iO0 

1225 

XCentauri     12     13: 

7733 

Y  Capric.        14      — 

4521 

22  Virginis      10.5 

15 

7659 

4407 

R  Corvi       <11      — 

7907 

XT  Aquarii      14 

5704  RR  Librae         14 

— 

7783 . 

47.21 

R  Virginis      10.5     6 

7000 

S  Pisc.Aust.<ll— 

5761 
6062 

£  Scorpii       12 
RR  Scorpii          9.5 

3: 

8824 

7,070 
5095 

Z  Virginis  <14      — 
R  Centauri       9       6 : 

Nov. 

7404 

R  Microsc.      12 

18 

7,17,7 

*S  Bootis         12.5     3 

18S6 

TEridani        1  1 

7733 

FCapric.        14 

— 

June 

5240 

F  Librae         12      — 

20S0 

iJColumbae  11.5  — 

799 1 

R  Pisc.Aust.<ll 

— 

1582 

STauri          13"     15? 

5438 

FLibrae        12      — 

2100 

/'Ononis     <12         8: 

8512 

R  Aquarii       11 

11 

1635 

R  Retieuli  <13      — 

5583 

A  Librae         14        1 

2627. 

FGeminor.    13      17 

8597 

FCeti             14 

— 

1855 

R  Aurigae       12.5  24 

5831 

<S  Scorpii     <13      — 

2976 

FCancri      <12      25 

20S0 

iJColumbae    11.5  — 

5903 

1"  Scorpii        14      — 

7,40  1 

S  Librae       <18      — 

Apr. 

2780 

TGeminor.  <13      — 

6044 

S  Herculis     12      14: 

7,7,04 

S  Coronae       12      12 

243 

£7Cassiop.  <15 

2 

3418 

R  Carinae         9.5  28 

6207 

Z  ( tphiuchi    12      28  : 

5593 

JL  Librae      <14      — 

466 

frPiseium      15 

15 

5037 

RR  Virginis  <14 

6849 

R  Aquilae       11      15 

7,677, 

FCoronae       11         0 

1018 

2?Horologii    10 

— 

5601 

S  Ursaemin.  11.5  — 

6894 

5  Lyrae          12      — 

5795 

(/' Scorpii     <1  I      29 

1761 

R  Orionis        12 

17: 

5856 

n'()phiuclii<18      — 

(1048 

T  Sagittae        9.5  10: 

6923 

Z  Sagittarii<12     — 

1981 

*S  Camelop.     11 

3 

6050  RS  Scorpii        11.5  - 

7077 

rPavonis       12      — 

7085 

BTCygni          10.5  19 

2583 

L.,  Puppis          6 

29 

6624 

T  Serpentis<13     — 

72(16  R  T  Sagittarii<ll 

727,2 

IF  Capric.     <14      15: 

2684 

S  Can.  miu.    11 

18 

7260 

Z  Aquilae       11      — 

7404 

R  Microsc.      12        4 

7444 

TDelphini   <13      — 
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Dec. 


7  155 

lie. 

<13 

— 

1 582 

S  Cauri 

L3 

20: 

7,i'.';, 

777'.' 

5  I     phei 

L2 

23 

3060 

/  Cancri 

<M 

7,7,nl 

sl'.-;m 

6  Aquarii 

<12 

— 

1260 

//  <  lentauri 

l:; 

5830 

8597 

14 

— 

1 192 

)'  Virginis 

11- 

6: 

5887 

i:.:,  7 

5  1   rs.  Maj. 

n 

11 

c.i  I'.i 

1596 

I   Virginia 

1  2  7, 

:•:; 

6682 

243 

/  Cassiop. 

<15 

:;l 

1826 

/,'  II, 

'.1.7, 

6 

6921 

ll:' 

0  Androin 

<13 

CMS 

R  Can.  Von 

11.7, 

71  is 

i;  Bootis        li' 
S  Si  rpentis    12.6 
R  Scorpii     <13 

/•Onhinclu     L0 
'/'  Draconis     1 1 
.STOphiuehi      '.> 
5  -        Mm    I  1.7,  :;] 
XAquilae    <12 


(i  : 


7KH 
7428 
7  17,(1 
7944 
7994 
8040 
8324 


/,'  M  icrosc.  1 . 
/  Cygni  L3.5 

/'Ai|iiarii  9.5 

ZTegasi  <13 
R  I'iso.aus.  <1 1 
.S'tiruis  1'J 

fCassiopeae  12 


'I'll.-  foregoing  ephemeris  conforms  strictlj  to  the  elements  of  the  Catalogue,  fl iili  the  single  excepti f  64 19  '/'  Draconi 

have  used,  instead,  the  period  485d  and  M    «<  =  216*:. 


which  I 


SHORT    FORMULAS    FOK  (JAUSS'S   METHOD   OF  COMPUTATION    OF  AN  ORBIT 
FROM   THREE   COMPLETE    OBSERVATIONS, 


Hy  Rev.  G. 

The  following  formulas  seem  to  me  to  give  a  short  and 
convenient  application  <>t'  the  method  of  Gai  ss,  ami  have 
proved  very  satisfactory  during  the  pasl  !■  \\  years,  when  I 
have  had  occasion  to  use  them.  I  venture,  also,  to  think, 
that  sufficiently  accurate  results  are  obtained  bj  them  with 
as  little  labor — at  any  rate  in  the  ease  of  cometic  orbits — 
as  by  those  "1  Oppolzer,  since  the  values  of  the  two  un- 
known quantities,  x  ami  y,  which  are  involved, are  already 
known  in  the  computation  of  such  oil, its  with  considerable 
accuracy   from  the  previous  parabolic  orbits  which  have 

1 n  obtained  :  ami  especially  since  the  quantities  r;  and  >/' 

can.  usually  in  the  orbits  of  periodic  comets,  be  computed, 
for  the  intervals  of  time  sufficient  for  a  first  determination. 
neatly  enough  by  the  simple  parabolic  expressions  lor 
them. 

In  the  tiist  plat  li  e  lor  all.  the  following 

quantities,  in  which      A,  A',  A",  p,  p',  p"     are  the  geocentric 

longitudes  and  latitudes  of  the  object ;   L,L',L".  /,'.  /,".  /,'". 

the  longitudes  of  the  sun  ami  radii  vectores  of  the  earth; 

es  of  the  observations. 


in    =   sin(X— L)  cot/} 

«/'=   sin(A"— L") 

X  =    IV l;"  sin  i  /."-/.'. 

/,'/,"  sin(i"-i) 
N"=   HI!'  sin(£'-£) 

e  =  k(t"-t') 

„    =    -(4)/,'  tan/3 
c  =    V- 


$'    =    l;(t"-t) 

6"  =  k(t'-t) 

(1)  =   sin  (X  —  L")  —  j«"tan  /? 

(2)  =   sin(X'— L")  —  m"  tan  /3' 

(3)  =  sin(A'— L)  —  m  tan/3' 

(4)  =   sin(X"-Z)  -///  tan/3" 


.1  |  /.'"  tan  fj" 

,1, 
=    N    '^ 


//'   =  v^ 


-  =   tan/3sin(X"  — X'j  +  tan/3"  sin(X'  — X)— tan/3' sin  iA"  — A) 

to  which  the  value  for  the  same  quantity 

X' 
,  [b  tan/3+i"  tan /3"  — tan /3'] 

may  be  added  as  a  check. 


.'/   = 


I  = 


M.  SEARLE. 

cost/''  =   cos/3' cosiX'—  L')  ;  cost//"  =  cos p"  cos  (X"  —  IF) 

e  6" 

see/3' sect//  ;  h   =    (a  —  a")  — , 

-   +  a"—    e  sec/3'  (L"  sin  tf/')-4 
N        6\  +    «(N"       0"\ 

W>-6>)  +  a  {wr-J'J 

With  these  we  proceed  at  once  to  the  formation  of  our 
trial  equation.  We  denote  by  n.n'.n"  the  quantities  cor- 
responding in  the  unknown  orbit  to  X,  .Y '.  .V"  in  that  of 
the  earth,  n  for  example  being     r'r"sin(v"—vf);     rj  the 

1  iet  n  ii  ii  the  second  and  third  observations. 


sector 

t  ria  1 1 -  I , ■ 

between  the  hrst  and  second;    f  =    \(v"- 
We  have  then  approximate  values  of 


that 


■v')  &c. 


+  *-,  (V 
n'\v 

I"         Sec.?' See/'    see/" 


Computing 


vn 

tan  tf/' 


we    have   for   the   trial 


"°         1  +  gx 
equation         sin(«'+20)   =   ly.  sin  z,  .  sin'  •.'  . 

We  may  evidently  always  take   -.     less  than   180  . 
By  means  of  .-.'  we  compute 
,  //'sin,// 


/,"  ens/3'  sill  (.-'+!/'') 


sin  ~J 

1  +  ".," 


P   = 


h  „'  + 


(^-'] 


■  L) 


n  1+.'/''' 

From  p  we  have     ,•  cosJ  sin  (I— X)  =  R  sin  (X— L) 

r  cosi  cos(Z— X)  =  p  —  J2cos(X- 

/•  sin/,  =  p  tan/3 

Similarly  from  p  obtain  /■'  (which  should  agree  with  its 
value  already  found)  V  and  li' :  I.  I'.  b,b'  are  the  heliocen- 
tric longitudes  and  latitudes  of  the  comet.      We  have,  next, 

tall  v    —    V  cos  b  cos  b'  sin  \  (V — () 
sini(6' — b) 

sin/"  =    sin  J,  (b'—b)  sec y 


Vcosl  cos6'sini(;'— Zjcosecy 
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2] 


sill  'If" 


tan(/"-t-2/)  =  tan/"  tan(<-+45°) 

//'    ,  sin  2  /"' 
n"         sm2/         //"     «      sin  2/' 
t;  ami  ij"  may  now  he  obtained  by  Gauss's  formulas,  or 
as  previously  remarked,  usually  with  sufficient  accuracy  by 
t  In-  parabolic  formulas 


**0»-i)  = 


r/'^,/'-l)    = 


(rV'^cos8/  (n-')8/2Cos8/" 

With  the  values  of    -.,  n,  »/',  /■,  ?•',  /•",  /',  /',  ;'"  ,  the  values  of 
n' 

x  and  ij  can  now  be  recomputed  for  a  new  hypothesis,  in 
which  we  use  for     -        the  value     —„  . 

a  r)  0 

When  it  seems  unnecessary  to  carry  the  approximation 

liui her,  we  compute 

I!"  sin^" 


sins     = 

/"'  eos  /3"  sin  (x"  + 1//') 


-^^+^ii.£_i 


sins"  ii"  \_n"  '  N' 

From  p  and  p"  we  obtain  I,  I",  b,  b",  by  the  formulas  al- 
ready given;  from  them  /',  as/"  was  obtained  before. 
Or,  as  we  have  now  to  compute  Q,  and  i,  we  may  use  the 
formulas 

tan[£(Z"  +  Z)-&]   =   Sl'1(f"  +  f)  tan^r-/) 


sin  (//'_£) 
tan  6" 
sin(Z-Q)    ~   sin<7"-&) 


tan  /> 


tan  «  =  tan  (A.  —  Q,)  sec  i  / 
tan  w"  =  tan  (A"     g,  i  sec  /  i 


2/ 


From    -■,  /•"./'.  0',    we  obtain  the  elements  of  the  orbit  in 
iis  plane.     ,„  =  w  —  Q,     of  course  is  equal  to     u      w  or 

u" —  r". 


The  fundamental  equation, 


„T0"»     0  «""i  ,  «e  +  «"e"       .v       „.v" 

+<"-",L«'?-^J+— y~  -tt^-"  .v 

from  which  the  trial  equation  is  obtained,  is  deduced  from 
the  equation 

p-  =  J;  -7[tan/?"  sin(A-L)  —  tan/8  sin(X"— i)] 

+  7."'  [tan/3  sin  (X"-  /.')  -  tan/3"  sin  (A— Z')] 

m" 
+  R"  —  [tan  /3"  sin  (A— i")  -  tan  0  sin  (a"— £")] 

by  putting     A"  [tan/3  sin  (A"  —  Z')  —  tan£"  sin  (A— Z')]    in 
the  form 

N 
—  R    =  [tan  /3"  sin  (A— i)  —  tan/3  sin  (A"— i)] 


-i? 


,-V". 


■~-t  [tan  y8"  sin  (A  —  L")  —  tan /3  sin  (A"—  £")] 


which  form  will  be  verified  by  putting  in  it  for     X.  N',  .Y". 
their  values  in  terms  of      Ii.  A",  E",  L,  L' ,  L" . 


OBSERVATIONS   OF    (33)  POLYHYMNIA, 

Bv  Prof.  STIMSOX  J.  BROWN, 

U.S.    NAVAL   OBSERVATORY. 

[Communicated  by  Prof.  Wm.  Harkness,  U.S.N.,  Astronomical  Director.] 


1896  Washington  M.T. 

* 

No. 
Comp. 

Planet 
Aa. 

-* 

j8 

Planet's  apparent 

a                          8 

log 

for  a 

V 
for  8 

(1)  April  6     12  23.4 

(2)  7     10  34.5 

(3)  8     11  36.8 

(4)  13     10  53.8 

1 
2 
2 
3 

5  ,  3 

6  ,  6 
6  ,  4 

18  ,4 

+0  11.113 

+  0  18.660 
-0  25.62 
-1  26.50 

-2    4?98   i  12    :'"'.-,ii.s(i 
-0     8.24    1   12     2  13.13 
+  4  16.64      12     1    28.89 
+0   19.3     1  11  58     5.06 

-0     7  L3.7        8.7824 
-0     3  2C s      »8.7993 
+  0     0  58.]      »8.2367 
+0  21  16.5    '    8.2794 

0.308] 
0.307] 
0.3074 
0.3032 

Mean  Places  for  1S96.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

3 

Red.  to      :                                        .     ,      . 
app.  place                                             Authority 

1 

•> 

3 

12     2  37.32 
12     1  52.05 
11  59  29.09 

+  2, 49 

+  2.48 
+  2.45 

_0     4  54.45 
-0     3     4.30 
+0  21  11.1 

-16.29 
-16.26 

-15.90 

Comp.  with  no.  2  ;   +45».27,  -  1 '  50".15 
I  (2  Yarnall+2  Munich  +  Weisse's  Bessel) 
Bonn  VI.,  2888 

(1)  Correction  of  a  for  parallax  +0*.06;  for  reduction  to  epoch  of  8  — 0M26;  correction  of  8  for  parallax  +2".03. 

(2)  Correction  for  parallax  — 0S.06,  +2".00  ;    (3)  Correction  for  parallax  — 0S.02,  +2".03  ;    (4)  Correction  for  parallax  +0S.02,  +2 ".00. 
The  first  three  observations  were  made  with  the  micrometer  in  both  right-ascension  and  declination;  each  is  given  the  same  weight. 
The  comparison  of  the  positions  with  the  ephemeris  of  the  Berlin  Jahrbuch  gave  as  follows:     O  —  C 


No.  1.     Aa  +0.06     A8  +0.7 
No.  2.     Aa  —0.03     AS  +1.1 


No.3.     Aa  —0.07     A8  +1.0 
No.  4.     Aa       0.00     A8  —1.1 
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NOTE   <>N    DIFFERENTIAL    REFRACTION   OF    PHOTOGRAPHIC    MEASURES. 


(Reply  to  Mr.  Dyson's 
Bi    II  UROL 
1  n  the  above  number  of  tin1  Jo  .  Mr.  Dyson,  writing 

with  the  approval  of  Prof.  Ti  rner,  claims  that  I  have 
misunderstood  and  wrongly  applied  Prof.Ti  rner's  form- 
ulas.    .Mt.  l!\>"\  states  thai  Prof .  Turner's  formul 


(1) 


>    /.    =    -k'{x-$(l+x*)-  nxy] 
i   '>/  =   -*'{y-£ry-ij(l+y*)} 
I  'rof.  Turner's  formulas 


(2) 


(  n  =  A-'{,i+.^)f  +  ,-yv} 


I    /,  =   fc'{zy£+(l+i 

It  becomes,  therefore,  a  simple  question  oi    fart    as   to 

what  Prof .  Turner's  formulas  really  were.     I  must  insist 

that  excepl  for  differences  oi  notation  they  were  exactlj  as 

1  have  given  them.     Any  astronomer  who  will  examine  the 

y   Notices  lor  L893  November,  page  11.  can  satisfy 

himself  that  such  is  the  case.     Moreover,  Prof.  Ti  rner  has 

published  the  formulas  (2)  again  in  the  Bulletin  </»  Comite 

■  ■'.  Vol.2,  p.  350.     'The  formulas  (1)  are  not  there 

given.     It  i>  difficult  to  see  why  he  should  have  misled  his 

;aes  of  the  Committee  by  advising  them  to  use  the 

formulas  (2),  if  the  formulas  he  wished  them  to  use  were 

what  Air.  Dyson  now  claims  them  to  have  been. 

It  is  true  that  one  of  the  formulas  1 1  I  appears  as  ;m  in- 
termediate step  in  the  deduction  of  the  formulas  (2)  in  the 
Monthly  Notices  for  L893  November.  But  the  final  form- 
ulas are  given  in  the  form  I  have  used,  and  they  are  stated 
to  he  the  final  formulas  in  unmistakable  terms.  This  receives 
complete  confirmation  from  the  article  referred  to  in  the 
///  ( 'omite  Permanent. 

It  i.-..  however,  of  no  great  interesl  whether  the  formulas 
which  I  took  to  be  Prof.  Turner's  are  correct.  It  is  more 
important  to  consider  the  ones  now  given  by  Air.  Dyson. 
These  would  appear  to  give  correct  results,  but  they  will 
be  inconvenient  on  account  of  the  great  magnitude  of  the 
refraction  corrections  they  involve.  Thus  in  the  example 
consider.. I  by  Mr.  1>y-on.  the  correction  of  f  amounts  to 
more  ti  :~of  arc.     I  imagine  that  this 

is  the  largest  differential  refraction  ever  computed  at  a 
moderate  zenith  distance.     In  fact,  most  astronomers  would 

to   admit    Prof.Ti  RNER's    right    to   call    his    result    a 
I   ■  has  a   settled  meaning. 

namely,  to  define  the  dil  reen  the  rei 

two  points  of  the  sky  very  near  each  other.     Prof.  Ti  rner's 

i     e  under  tlii-  defi- 
nition. 

I  must  object  to  Mr.  Dyson's  statement  on  the  top  of  the 
column  of  p.  102  in   No.  373  of  the  Journal.     He 

i  nts  m  Nos. 
rn  "'.      I   am  unable  to  find  these 


Note  in  .1.  •'..  No.     . 

D   a  ICOB1  . 

idictorj  statements  in  any  of  mj  articles,  nor  have  I 
published  any  article  at  all  in  No. 354  of  the  Journal. 

The  discussion  with  Mr.  Dysoh  has.  however,  brought 
.mm  one  point  with  regard  to  my  formulas  which  is  id'  im- 
portance. As  I  pointed  out  iii  No. 366  of  the  Journal,  it 
i.->  proper  to  emploj  the  apparent  polar  distance  of  the  cen- 
ter of  tin-  plat"  when  i  ransforraing  into  right-ascension  and 
declination  rectangular  coordinates  corrected  for  refraction 
with  my  formulas.  "While  it  is  true  that  the  actual  angular 
distance  between  the  pole  of  the  heavens  and  the  point  on 
the  sky  corresponding  to  the  center  of  the  plate  will  be 
what  is  usually  called  the  apparent  polar  distance  of  the 
center,  jet  «hen  transformation  tables  are  to  be  employed 
it  will  be  better  to  base  them  on  the  true  polar  distance  of 
the  center,  so  that  all  the  plates  of  the  same  declination 
iiia\  l.c  reduced  with  the  same  tables.  To  make  this  pos- 
sible,  a  small  correction  will  be  required  by  the  tables;  but 
this  can  just  as  well  be  applied  to  the  refraction  formulas, 
and  an  extra  correction  avoided. 

In  the  notation  used  by  me  in  my  original  article  in 
No.  350  of  the  Journal,  this  correction  is  at  once  seen  lo  be 

+  !,■>!  tan  8  sin  1" 
to  be  applied  to  the  quantity 
.'/ 
After  this  correction   has    been  applied,  my  refraction 
formulas  become  (3) 

sin//  sin  A"  =  cos  i/  cos(0  —  a) 

sin«  cos  Ar  =  sin  i( 

G  =  cot  (8+ A") 

H  =  tan  (0-a)  sin  N  cosec  (8  +  A'  | 

M,  =  &(1  +  //")  sinl" 

JV,  =  ,',/.!  ',  //  see8-//tan8sec8i  sin  1" 

.1/  =  1  .-./■( '.7/ cos  S+// sin  8)  sin  1" 

A;  =  k(l+G*)  sinl" 

Refr.corr.forA'secS  =  MXZ  sec  8  +  Nx  Y 

Kefr.eoiT.forl"  =  J/„A'sec  8+  A    1 

When  these  formulas  are  used  the  true  declination  of 
the  center  of  the  plate  is  to  be  employed  in  the  further 
transformations  of  the  rectangular  coordinates  into  right- 
ascension  and  declination.  These  formulas  are  equivalent 
to  those  given  1>\  Mr.  l>\^o\  in  No. 373  of  the  Journal, 
where  they  are  numbered  (II).  They  are  also  in  accord 
with  the  corresponding  formulas  published  very  recently 
by  Al.  Baillaud  in  the  Bulletin  <lu  Comite  Permanent,  and 
are  tated  by  him  to  be  practically  in  accord  with  the  re- 
fractions applied  by  M.  Henri  at  Paris. 

It  is  interesting  to  note  that  these  formulas  are  practi- 
cally equivalent  to  Prof.  Turner's  original  formul  6  (2), 
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such  as  I  took  them  to  be,  whenever  the  constants  Eor  the 
reduction  of  the  plate  are  derived  from  the  measured  co- 
ordinates of  known  stars  on  the  plate.  For  the  formulas 
(2)  differ  from  (3)  only  by  the  terms 

—  kx  cot Pr]  for  $    and     +kx  cotP|  for  ?/. 
It  follows  that  the  neglect  of  these  terms  simply  has  the 
effect  of  changing  the  orientation  constant,  which  is  a  mat- 
ter of   no  consequence  when  this  constant  is  determined 

cu,  =  /.•  sin  1" 

(o2  =  k  coszqp  sec2  (qp — 8)  sin-  1'"  sin  1" 

<o3  =  ,',.,  *  Sln  (<P— 28)  cos  qt  see-8  sec2  (q>  —  S)  sin  1'"  sin  1 

w4  =  V'  k  sin2qp  sec-  (qp  —  8)  sin  1"'  sin  1" 

<u.  =  k  sec2(qp— 8)  sin  1" 

«,,;  =  ,'.  w,  tan(qp  — 8)  sinl"1 

2k;  =  («!  +  «)2  r2 

2S ,    =  o)3  i 

Refr.  corr.  for  A'  sec  8 
Refr.  corr.  for  F 


from  the  measured  coordinates  of  known  stars  on  the  plate. 
Mr.  Dyson  mighl  therefore  have  defended  Prof .  Turner's 
original  formulas  as  they  were  printed  bj  him  in  the  Monthly 

Notices  and  in  the  I'.ulletin  cii  the  Committee. 

In  conclusion,  it.  will  he  of  interest,  tn  give  the  develop 
ni  of  the  formulas  (•'))  in  ascending  powers  of  the  hour- 
angle.     The  development    is   obtained    at   once    from    the 
equations  contained  inmj  article  in  No.  350  of  the  Journal. 
log k  sinl"  =  6.4532       lit 

logA  sin-  l1"  sin  1"      =    1.7328  -  ID 

'  log  X  k  sili  I'"  sin  1"  =   2.9169  -  In 


log  '.,"'  /.-sin  1" 
log  /.■  sin  1" 
log  ,'?  sinl1" 

sinl"=    1.9681 
=   6.4532 
=  6.4637 

-  in 
in 

in 

My   =    ,.,,  t 

=   MXX  sec  8  +  Nx  Y 
=  M„X  sec  8  +  N„  Y 

MERIDIAN-CIRCLE    OBSERVATIONS    OF    COMPARISON-STARS    FOR 

PERIODIC  COMET  c  1896, 

By  R.  H.  TUCKER. 


The  places  of  the  following  stars  have  been  determined 
for  Prof.  Hussey's  observations  of  this  periodic  comet. 
They  may  be  useful  to  other  observers,  since  they  lie 
in  a  region  through  which  the  comet  moved  slowly. 

The  fourth  star,  6175,  is  9",  no  other  magnitude-differ- 
ence being  noted  by  me. 
•  Lick  Observatory,  1896  Sept.  30. 


DM.  No.      DM.Maa 


19  6271 

19  6275 
19  6276 
18  6175 
L8  6176 
18  6178 


9.5 
8.0 
9.2 
9.3 
8.5 
8.3 


22   19  50.02 

-19  11'  12.5 

20  38.32 

-19     5  32.6 

20  48.01 

-19  12  12.9 

37  27.09 

-18  35   15.0 

37  39.33 

-is  23  23.6 

.'•J  38   L3.23 

-IS     8    12.6 

ELLIPTIC   ELEMENTS   AND    EPHEMERIS   OF   COMET  cL  1896  (giacosini), 

By  W.  J.   HUSSEY  AND  C.   I).   PERRINE. 


From  the  following  observations 


App.  a 

17h13m  r>S02 

17  25     7.74 

18  4  58.67 

we  have  computed  the  following  elliptic  elements  of  this 
comet. 

Epoch  1896 Sept. 5.5  Gr.  M.T. 


Jit 

Sept. 

.  Hamilton  M.T. 

.1                 ll             HI           S 

5       8  13  13 
11     10  35  23 

28 

9 

3 

19 

App.  8 

-  7°  42    17J 

-  8  41    47.1 
-11  12  24.5 


M 

= 

354    13 

37 

Q, 

= 

191    11 

28  ^-Eq 
18) 

to 

= 

L39     5 

1896.0 

i 

= 

11  35 

lof 

'  e 

= 

9.82189 

lo* 

>  a 

= 

0.64636 

log 

'  ^ 

= 

2.58047 

Period   =   9.323  years 

Constants  for  the  Equator. 

c  =  r  [9.99964]  sin  (v+  60°  35  53) 

=  r  [9.99024]  sin  (v+ 330     5  47) 

z  =   r  [9.32917]  sin  («+341  23  26) 

These  observations  are  also  satisfied  by  the  following 
remarkable  system  of  elements. 
Mt.  Hamilton,  Cal.,  1896  Oct.  13. 


U 


Epoch  1890  Sept.  0.0  Gr.  .M.T. 

M  =  286°  26  48" 
£   =  216  34  53 
m  =   190    19    15     L896.0 
i  =       7  34  29 
log  e  =  9.29718 
log  a    =   0.09470 
log/*   =  3.40796 
Period  =  510  da\  s 
4'he  last  elements,  however,  do  nol   satisfy  later 
vations. 

Ephemeris  for  Greenwich  Mean    Midnight 


obsei 


1896 

\  pp,  a 

App.  8 

logr 

log  A 

Br. 

Oct.  22.5 

19 

14.0 

-13°  29.4 

0.173 

0.124 

0.87 

24.5 

20.3 

-13  34.9 

26.5 

26.6 

-13  39.5 

0.173 

0.130 

0.85 

28.5 

33.1 

-13  43.1 

30.5 

39.5 

-13  45.6 

0.173 

0.137 

0.82 

Nov.    1.5 

16.0 

-13  47.2 

3.5 

52.6 

-13  47.6 

n.171 

n. 1  II 

0.79 

5.5 

19 

59.2 

-13  46.8 

7.5 

20 

5.8 

-13  45.0 

0.175 

0.151 

0.76 

9.5 

12.4 

-13  42.1 

L1.5 

20 

I9.li 

-13  38.1 

0.177 

0.159 

0.73 

24 
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OBSERVATIONS  OF   SMALL    PLANETS, 

MADE     \l     rHE   U.S.   SAVAL  OBSEKVATOB1     WITH  TH1      12-INCH  EQUATORIAL, 

Bi    Pkoi  i  ssor  EDG  \i:   PRISB1  . 
aunicated  by  Prof.  Wji,  Bareness,  [J.S.N.,   Astronomical  Director.] 


V, 
1   OHip. 

1  -* 

Planet's 

apparent 

M.T. 

* 

J-/                 J<< 

</ 

3 

fOl  ■' 

for  8 

(287)  \,r/>t/<;/s. 

July  25 

12  10  31  8 

1 

10  .  2 

+  3  18.34 

-7  28.3 

19  .v.i  31.43 

-  1  1      I' 

52.8 

8.7398 

0.8465 

Aug.    3 

11      11      12.1 

l' 

20  .  1 

-0  46.20 

-0  53.5 

l'.i  7.1   34.74 

17.  16 

(i.l 

8.9502 

0.8523 

6 

11    l:;  28.9 

3 

:.  .  1 

2  56.66 

+  7,  38.8 

l'.i     I'.I    in.  IS 

-17,    Id 

18.6 

8.7810 

0.8554 

11 

11    16   17.2 

l 

in  .  2 

3   16.70 

-9     is 

l'.i  45  33.45 

-16  20 

3.0 

9.2435 

n.s:,  17 

19 

9    i:;  32.8 

5 

20  .  1 

-0     8.96 

+  ii  53.1 

l'.i    11     5.67 

-17   is 

58.6 

//7.riiU7 

0.8660 

(386). 

July  25 

L2  53    19.0 

6 

20  ,  1 

+  o  15.96 

-2  48.0 

I'n  ,-,|  56.89 

t-   '.'  24 

29.9 

8.5225 

0.7186 

:;i 

11-*   11     7.7 

7 

15  .  3 

+  3  39.02 

-5  19.6 

I'u  50  34.97 

+    I   36 

39.8 

7.9557 

0.7267 

\   -     "; 

13  19   13.3 

8 

-ii.  1 

+  1  57.93 

+  :;  37.2 

i'n    is   i  :..-,(> 

+    1    11 

32.6 

9.2003 

0.7316 

19 

10  18  L3.4 

9 

20  ,  1 

+3  53.10 

-7     i'.:; 

20  36  .M. '.hi 

-    1   31 

56.2 

«8.6600 

0.7542 

(346). 

Aug.  11 

13    9  43.5 

in 

20  .  1 

+0  17.99      +8     6.8 

i'n  40  28.17 

21      1 

8.0 

n8.1065 

0.8828 

M<  tin  Places  fur  1896.0  of  Comparison-Stars. 


Red.  i" 

Red.  to 

* 

a 

app,  place 

8 

app.  place 

Authority 

1 

19*56'    '.'"- 

+  4JI7 

-13  r,r,  29*9 

+   5*4 

Berliner  Jahrb-uch 

•' 

l'.i  52  16.83 

+  4.11 

-15  15  19.1 

+   6.5 

Washington  A.G.  Zones 

3 

L9  52     3.03 

+4.11 

-15   16     2.7 

+  5.3 

Radcliffe  1 1890)  5333 

1 

l'.i   is    1:5.98 

+  1.17 

-16  11     2.5 

+  4.3 

Weisse's  Arg.  15768 

7. 

l'.i    11    in. 11 

+  4.1 '.( 

-17   l'.i  55.8 

+    4.1 

Radcliffe  (1890)  5280 

6 

I'o  .-,|  37.26 

+  3.67 

+  2  27     8.0 

+   9.9 

Boss.  Albanj  A.G.  Catal.  7359 

7 

L'n    l>;  52.23 

+3.72 

+  1    11    49.2 

+10.2 

Boss,  Albany  A.G.  Catal.  7308 

8 

20   16  L5.80 

+  ."..77 

+   1     7    14.9 

+10.5 

Boss,  Albany  A.G.  Catal.  7302 

'.) 

I'll   32  7.7. '.hi 

-  1   28     5.3 

+11.4 

Radcliffe  (1890)  5549 

10 

22  4(»     6.01 

h  1.17 

-21   12  36.3 

+21.5 

Weisse's  Arg.  177.su 

\i:\Y    ASTEROID. 

Prof.  Kreutz  has  communicated  the  position  of  a  new  planet,  found   photographically  by  Witt,  of  the    Urania 
atory  at  Berlin. 

1>.\         lli»         Oct.8   ll!r  27m,  Berlin  M,T.         a  =  lh  44m.6,     8  =    +13°  26' 
It  was  observed  with  the  large  I  rania  refractor 

Oct.  '.'     l::    0  .  Berlin  M.T.         a  =   1"  43'"  36',     8  =    +  13    30' 
No.  324  discovered  bj   I'.\u-\  L892  Feb.  25  has  i ived  the  name  Bamberga. 


NOTICE. 
Mr.  C.  D.  Pebrlne  ol  the  Lick  Observatory  requests  that  anj  unpublished  observations  oi  the  I  omet  1895  IV.  .Ii> 
le  public,  or  sent  him  at  an  early  date. 


iscovered  by  him, 


COX  T E \ T S  . 
Ephbmeris  "i    Long-Period  Variables  for  1897,  by  Dr.  S.  C.  Chandler. 

Shori  Formulas  for  Gai  ss's  Mi  i i i-  Compi  i  ltiob  oi  an  Orbit  from  Three  Complete  i Observations,  by  Rbv.  G.  M.  si  mm  e. 

Observations  oi     33    Polyhymnia,  by  Prof.  Stimson  J.   Brown. 

in  Differential  Refraction  of  Photographic  Measures,  by  Prof.  Earold  Jacoby. 

Mr.lMI.IAN-I'lKi  ;  r    '  >i;-i  1:\  ITIONS    "I     COMPARISON-Sl  IRS    FOR    PERIOl Ml   I   C  1896,    BY    PROF.   I.'.   H.  TUCKER 

K i.i.i r  1 1'  lnd  K i'ii km kim-  01   Comet  d  1896    Giacobini),  by  Prof.  W.  J.  Hussey   ind  Ms.  C.  D.   Perrine. 

Observations  oi   Small  Planets,  by  Prof.  Edgar  Frisby. 
New  asteroid. 
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NOTES   ON    VARIABLE   STARS,  — No,    L5, 


Bi    HENRY    M.   PARKHTJRST 


S  Her  cults.  It  seems  impossible  to  satisfactory  repre- 
sent all  the  observations  l>\  one  sine  formula.  There 
appears  to  have  been  a  retardation  in  the  periodic  changes 
from  about  1S70.  Making  the  sine-formula  in  the  Second 
Catalogue  o0((12.5  — 0.1E)0  E+90  )  gives  an  approxima- 
tion for  the  last  50  years,  especially  for  the  last  20  years. 


Hut  In]-  purposes  of  prediction  and  comparison  1  suggesl 
the  simple  form  307.6  +  50(5°  E  + 225°),  which  repre- 
sents   tl bservations    since   L868    without   appreciable 

systematic  error,  although  for  earlier  dates  the  deviation 
is  very  greal  - 


Results  <>v  Observations 


Observed  Date 

No. 

Star 

Phase 

Julian 

i  lalendar 

E 

Corr. 

W 

Remarks 

.Mill 

/'  Bootis 

Max. 

3762.8 

duly  21 

17 

_   9 

9 

5237 

1!  Bootis 

Max. 

3688 

May     S 

62 

+    2 

7 

« 

" 

Min. 

:;:'.).-> 

Aug.  23 

63 

-15 

7 

.-.24;  t 

V  Librae 

Max. 

3689  : 

May    9 

14 

+  83 

- 

Possibly  earlier.     The  new  elements  inconsistent   with 
n i\  obsns.  of  lust  year.    A  period  of  2">(i  days  surest <■<! 

5405 

RTLibrae 

Max. 

3776: 

An-.     1 

- 

- 

.*> 

Probably  later 

5430 

T  Librae 

.Max. 

:;t<;7 

July  26 

28 

2 

4 

5438 

Y  Librae 

Max. 

3719 

June    s 

47 

-14 

(i 

(+65).     The  new  elements  nearly  satisfy  all  obsns. 

5501 

S  Serpentis 

Max. 

3738.4 

June  27 

68 

+20 

9 

(+33) 

55 1 1 

RS  Librae 

Min. 

3712 

dune    1 

12 

-19 

1 

Assuming  min.  midway 

5566 

/i  / '  Librae 

Max. 

3688 

May     S 

9 

+  s 

1 

1  hail  intended  to  suggest  period  of  32S  days 

5593 

\V  Libra,' 

Max. 

3705 

May  25 

32 

-19 

3 

5617 

/'  Librae 

Max. 

3732 

d  inn'  21 

•"'7 

0 

s 

5675 

]'  <  'oronae 

Max. 

3698 

May  is 

18 

+   2 

7 

5688 

1!  Librae 

Max. 

(3698) 

May    IS 

- 

- 

it 

My  suggested  period  not  verified.     To"  faint  for  recog 
nition  .May  to  Aug.     Obsns.  not. yet  reduced 

5795 

WScorpii 

Max. 

:;:il 

May  31 

33 

—  25 

2 

Probably  still  earlier 

5928 

TOphiuchi 

Max. 

- 

- 

- 

- 

Suspected;  verj  faint:  obsns.  not  yet  reduced 

593] 

S  (  )phiuch  i 

Max. 

37  1 1 

July     3 

ill 

-12 

~< 

tin  II 

S  Hem// is 

Max. 

3706 

May  26 

47 

+23 

5 

(+62) — 2,  by  elements  given  above 

6132 

R   ( )/,b  iitr/ti 

Max. 

3712 

.7  une    1 

47 

-21 

2 

(— :il).     Possibly  earlier.     Confirms  corr.  of  A.J.Z65 

6207 

/.  OphiUchi 

Min. 

3810 

Sept.     7 

4 

—   7 

7 

Comp.-stars  reduced  0M.68  in  equalization 

6512 

THerculis 

Max. 

3799.9 

Aim.  27 

63 

+   8 

'.) 

Interval  of  17  days  in  obs.  at  the  maximum. 

6682 

ZOphiuchi 

Max. 

3743 

duly     2 

11 

-   3 

7 

Corr.  for  max.  in  A.J. 311,  —79  by  new  elements 

c,::::; 

1!  Seat! 

- 

- 

- 

- 

L895.     <  (bservations  bj  Perry 

Individual  <  >bservations. 


5194   VBootis.         I   5194  V Bootis.  —  Cont. 

(Cont.f  rom  356.  Com  p. Stars  3331  Julian  Calendar  Mag. 

Julian       Calendar       Mag.     3762.6  duly   21  7.932 

3753.6  duly  12       7.4023766.6  '    25  8.20. 

3755.6        '    14       8.3723771.6  30  8.202 

3758.6            17       8.082  3774.6  Aug.    2  8.35. 
3759.6            is       8.25,                                          3690.6 


5231    R  Bootis. 

(Cont.from  39 i  Stars3S3) 

Julian  Calendar  Mag. 
3655.6  Apr.  5  9.222 
3684.5  May  1  7.72., 
3687.6 


l(i 


7.7li 


5237  R  Bootis.  —  Cont.      5237  li  Bootis. 

Julian     Calendar  Mag.    Julian  Calendai 

3693.6  Ma\    1.".  7.9p  371 1.6  Maj   31 

3695.6            L5  7.68a  371  1.7  dune    :; 

3704.6  24  8.27^3716.6 

3707.6            27  7.92  13722.6  11 

3709.6            29  8.5p  3733.6  22 


-Cont. 
Mag. 
8  72 

Mil- 

8.8p 
9.30 
I0.68a 
(25) 


26 
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5237  //  /• 

.lulian    Calendar  Mag. 

3743.6  July    2  10.45 

3753.6            1-  ll-36„ 

3774.6    i.ug.    2  L2.08 

8 

3807.5  Sept.    I  L2.46 

3813.5  1"  L2.20. 
30  L0.89 

5249  VL 
(Contlnuod  fro 

3684.6  M.i\      I  L0.4 

3688.6  8  10.11, 

3689.7  9  L0.05 
3699.6  19  10.70 
3707.6  27  L0.18. 
3711.6  31  L1.28, 
3723.6  June  12  L2.36. 
3752.6  Julj    H  L3.0] 

5405  RTLibrae 

:w,s\  i;  Mai     I  !■• 

3740.6  Jul     ■-•'  12.8] 

6  dal 

3752.6  July  11  L1.3 

3772.6            31  9.51 

3776.6  Aug.     I  8.13 

3777.6              5  8.0 

3778.5  6  8.44. 

5430  T  Librae 

■     a  6 

3711.6  May  31  L1.5] 
3723.6  June  12  12.0] 
3740.6            29  12.1 
3741.6            30  12.19. 
3752.6  July  11  11.1 
3772.6            31  10.26. 
3777.6    Ug.    5  L0.1 
:;::s.5             6  10.63. 

5438  YLibrae 

(Cont. from 350.  Coin],  51 

3655.6  Apr.    5  11.4] 

3684.6  Maj      1  11.7 

5249  V Librae. 

.V     -17  llll  9.13 

l.V        17  ii.;:;  9.65 

P         16  391  I  8  60 

S         17  U36  9.48 

V     -  17  11  16  9.88 

W        L6°3911  11.02 

1         L6  .;■. h>7  1  L.84 

Z         L6°3905  L2.16 

7/     V  L2.19 

k          6/     i  L2.49 


.',  138    )   Librai .  (  ont. 

.lulian    Calendar  Mag. 

6     tfaj    8  I  I  38 

3695.6           17.  n.;; 

3711.6            31  9.63, 

3721.6  June  L0  9.693 

3729.6            18  9  16 

3731.6            20  9.94J 

3733.6            22  10.83, 

5501  S  Serpentis 

[Continued  ir 85(t) 

3688.6  Way     8  11.24, 

3695.6            L5  9.602 

3704.6            24  9.87 

3709.6  29  8.86 
371  1.6  June    3 

3721.6  10  9.01 

3723.7  12  8.72! 
3729.6  18  8.57, 
3731.6  20  8.50 
3733.6  22  8.36 
3740.6  29  8.43 
3746.6  July  5  8.43! 
3753.6  '  12  8.961 
3759.6           18  9.13, 

5511   RSLibrae 

nued  from  356) 

3684.6  May      I  11.1 

3690.7  10  11.1 
3695.7  L5  11.1 
3709.6  29  12.8 
3721.6  June  10  12.3 
3723.6  L2  L2.0 
,",7  in..-,  29  8.7p: 
3740.6  29  I  I.I 
3752.6  July  11  11.0 
3774.6  Aug.    2  L0.4* 

5566  UV  Librae 

3688.6  May     8  8.3 


3689.6 
3707.6 


8.38 
9.20 


5593   II   / 

.lulian    Calendar  Mag. 

3688  6   Ma\     8  11.1 

3709.6        '    29  II. '.i 

3712.6  June    I  LI.  16 

37]  l  6  3  II. Mi. 

3715.6  I  12.23J 

3723.6  12  1-  l" 

5617  V  Librae 

3688.6  Maj     8  I"" 

3709.6  29  L0.6 

3712.6  June    I  L0.23„ 

3715.6  I  L0.00 

3721.6  H>  9.54s 

3729.6  L8  9.19, 

3741.6  30  '.Lin. 

3752.6  July  I  I  9.881 

3758.6  17  9.98, 

5675   V  <  'oronae 

,i  ontlnued  fr IS6) 

3684.6   May      I       9.22 

3688.5  8       9.30 

3695.6  15  8.96s 
3704.6  24  8.87, 
3709.6  29  9.53. 
3712.6  June    1  9.32. 

3716.6  5       9.3p 

5795   WScorpii 

Continued  from  308) 

3711.7  May  31      II.'-' 

3712.6  June    1      1  L.43, 

3715.7  4  11.64, 
3721.6  L0  11.93, 
3740.6            29     L2.2 

5931  N  Ophiuchi 

(Continued  from  3331 

3711.6  May  31      L2.0 
3716.6  June    5     10.1  I. 
3729.6  18     10.1 

i  'mil'  u;ison-St  \i.-s. 


5931   S  Ophiurhi     i  oni 
.lulian     i  alendar 
37  10.6  June  29      9.55 
3753.6  .luh   12       9.30 

3772.6  31  L0.37s 

604  I  S  //•  r<  ulis 

(Continued  from86S) 

3699.6  M;i\  19  7.96, 
3704.6  '  24  7.38, 
3707.6  27       7.84, 

3709.6  29       7.48, 

-' ;  7 1  <  "> .  7  June    5       7.6f 

3740.6  29       8.1p 

6132  /,'  Ophiuchi. 

,  ,.i,r.i ,. ii 

3711.7  May  31        7.7- 
3712.6  June    1       7.50, 
3713.6  -i      7.  <;:;." 
3714.6              3       8.02; 

3716.6  5       7.54, 

3722.7  1  I  7.ss 
3729.6  is      8.21 

3740.6  29  8.29, 
37  16.6  July    5       8.66, 

6207  Z  Ophiuchi. 

(  .,,11  from  a  ",.1  p  31 

3687.7  Mav  7  8.9 
3690.7  '  10  9.87, 
3713.6  June  2  9.92, 
3714.6  :;  9.81 
3715.6  I  10.20 
3716.6  5  10.61 
3722.6  11  10.40 
3742.6  July  1  11.23 
3774.6  A.ug.  2  12.00 
3787.6            15  12.4 

3807.5  Sept.    I  L3.37 

3813.6  in  13.61 
3833.5  30  L3.05 
3842.5  Oct.  9  L2.49 
3858.5            25  13.4 


651 

.'  THercnlis. 



Unued  m,,ii 

H 

lulian 

1  alen 

lar 

Mag. 

1743.7 

July 

2 

11. Sc 

1762.6 

21 

9.8 

1774.6 

\:i.. 

■_' 

9  17. 

3774.6 

2 

9.2p 

3780.6 

8 

8.70, 

3786.5 

1  l 

8.28, 

3787.7 

L5 

8.0p 

3789.5 

17 

7.98, 

3789.7 

17 

7.8p 

3790.5 

L8 

s.i  H.. 

3797.6 

25 

7.8p 

3798.6 

26 

8.0p 

3799.6 

L'7 

8.0p 

3801.6 

L".l 

8.0p 

3804.6 

Sep! 

1 

8.0p 

3807.6 

1 

8.20, 

3807.6 

1 

Mr 

3809.6 

C 

8.1p 

3813.6 

111 

8.3p 

381  1.7- 

11 

8.81 . 

381  1.6 

1  1 

8.3p 

3820.5 

17 

8.8  1 

3821.5 

IS 

8.98, 

6682  XOphiuchi 

tC 11,11,, I  1  i,,u,  36  ' 

3740.7  June29  6.68, 

3741.6  30  6.22, 

3742.6  July    1  6.51, 

3743.6  2  6.36, 

3743.6  2  6.6p 

3746.6  5  6.29 

.".77,1'.  1;  11  6.75, 

3774.6  An-.    2  6.8p 

6733  E  Scuti 
3513.5  Nov.  17,       5.3p 


3515.5 
3516.5 


3525.5 


17 

IS 

19 


5.6p 

r,:.w 
5.5p 
5.2p 

:,:.\v 


5501  S  Serpentis. 
L893   1896 


+15°2845 
+14°2866 
+15°2855 
+14°2868 
+  L5°2846 
+  14°2869 
+  1  l°2870 
+14°2862 
.->».->/.       // 


/    --\->        X 


7.71 
8.56 
8.39 
9.28 
9.64 
9.89 
10.39 
10.22 
L0  86 
1 1 .57 


1(3 

19 

6 

is 
6 


5511   US  Librae. 


N 

l.V 

R 

T 
W 

V 


_22°3938 
-22°3943 
-22°3948 
_22°3951 

-22c:;;i:.  1 

22  3952 

3.3s0.7/F 

l.2n2.1p  V 

1  a  If     in 


8.2 1 

8.03 

8.73 

9.08 

L0.36 

ln.7.:; 

I  1  oil 

13.0 

L3.2 


cull  SHerculis. 


1893   L898 


E 

]F 

I  // 

KF 

X 

I! 

s 

15 
Y 
Z 


+  17,  3077 
+16  3051 
+15°3072 
+  17,  3074 
+  17,  3070 
+  17,  3069 
+15°3060 
r  15  :;n77, 
+  17,  3073 
+  17,  3064 


7.11 

7. I'D 

7.36 
7.99 
8.26 
8.83 
9.09 
8.94 
10.45 
11.13 


18 

22 

31 

26 

L'7. 

I 

13 

16 

6 

6 


COMPANION   OF   SIRIUS. 

Prof.  Edward  S.   Bolden  of  the  Lick  Observatory  telegraphs  from  there, 

"Clabk's  companion  bo  Sirius  is  in  its  predicted   place.     Position  L89  .  distance  :;".7.  from  bhree  nights'  m  lasure 
No  other  companion  is  visible." 
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I'  II  E     ASTKnN  OMICA  I.     .lor  I;  N   \  I.. 


On  Saturday  morning,  October  24,  I  turned  the  large 
equatorial  of  this  Observatory  upon  Sirius,  and  saw  the 
companion.  Since  then  I  have  made  two  additional  meas- 
ures, and  Professor  Schaeberle  lias  made  two,  which  he 
has  kimlh  given  me, to  publish  with  mine. 

Neither  of  us  saw  any  star  in  the  position  given  by 
Dr.  See  (A.J.  385). 


MEASURES  OF   SIBIUS, 

WITH    THE  36-INCH    KQ1    vioi:i\i.   OF  THE    LICK    OBSEBVATOBY, 

\:\     R.    <;.    AI'I'KKN. 

( >ur  measures  are, 


1896  P.S.T. 

6 

P 

Seeing 

( observers 

Oct.  23.65 

L89.0 

3.81 

K 

Ailkcii 

28.65 

L88.5 

3.57 

3 

A  1 1 1. .  1 1 

28.65 

L88.3 

3.65 

3 

Schaebei  le 

30.60 

190.0 

3.65 

5 

Schaeberle 

30.65 

L90.6 

[4±]es 

t.   1 

Aitken 

.)//.  Hamilton,  1896  Oct  81. 


OBSERVED   MAXIMA    OF    VARIABLE   STARS, 

By  PAUL  S.  VE.NDEI.L. 
6225.  RS  Herculis. 
From  L896  June  1<»  to  October  26,  I  observed  this  star 
thirty-two  times.  At  the  first  'late  it,  was  just  steadily 
held,  mi  a  clear  sky,  and  its  brightness  estimated  as  L2". 
A  maximum  of  8K.3  was  passed  August  1,  followed  by  a 
sharp  decrease  to  8M.6  on  August  13,  and  a  well-marked 
secondary  maximum  of  8M.4  on  August  24,  alter  which  date 
it  steadily  declined,  its  light  at  the  last  observation  being 
estimated  as  below  1 1 A ". 


6549.      WLyrae. 
Since  the  announcement  of  the  confirmation  of  this  star's 
variability,  it  has  been  kept  under  observation.     A  maxi- 
mum of  8M.2  is  indicated  mi   September  13.      When  last 
seen,  on  October  .".1.  it  had  fallen  to  9M.3. 

6871.      VLyrae. 

This  star  was  first  seen  on  1890  August  28,  and  its 
brightness  estimated  as  (.)".7.  It  rose  to  a  maximum  of 
9M.2,  which  is  indicated  on  September  14.  On  October  9  it 
had  fallen  to  9". 7.  ami  on  October  31,  when  last  observed. 
seemed  to  be  nearly  stationary  at  that  brightness. 

7085.      RT  Cygni. 

Eighteen  observations  of  this  star,  from  1896  .May  7  to 

September  30,  indicate  a  maximum  on  July  17,  the  greatest 

observed   brightness    being    7". 4.      Its   decrease   was    rapid, 

and  at  tin1  last  observation  the  star  was  estimated  as  1 1  M.4. 


71  is.     XAquUae. 

Eleven  observations,  from  1896  June  10  to  August  8,  in- 
dicate a  faint  maximum  of   10M.2 Inly  1.      At    the-  last 

date,  it.  was  just  held,  and  estimated  at  12". 
71  Hi'.     Z  Cygni. 

This  star  was  observed  on  fifteen  dates,  from  1s:m;  June 
30  to  September  30.  A  maximum  is  shown  on  Augusl  1. 
the  greatest  observed  brightness  being  7". 7.  At  the  last 
observation,  it  had  decreased  to  ill". 

7L'4<>.     RY  Cygni. 

Eleven  observations,  from  1896  May  L3  to  Octobei  31, 
indicate  a  maximum  of  about  9M.2,  on   September  4.     At 
the  hist  observation,  the  star  hail  fallen  to  about  L0M.3. 
sues.     SLacertae. 

Sixteen  observations,  from  1896  duly  3(1  to  October  7. 
show  a  maximum  of  8a.4  on  September  9.  Its  brightness 
when  first  observed  was  9™.6,  and  at  the  hist  date.  9".0. 
The  star's  light  wa.s  sensibly  stationary  from  A.ugus1  28  to 
September  20,  both  the  increase  and  decrease  being  rather 
rapid. 

8369.      WPegasi. 

Twelve  observations,  from  L896  August  17  to  October  31, 
show-  a  well-defined  maximum  of  B1  I  on  September  21. 
The  star's  brightness  at  the  first  obsen  at  ion  was  9M.6,  and 
at  the  hist  9M.l. 

Dorchester,  Muss.,  ism;  jfov.  6. 


CATALOGUE   NO.  1   FOR   1900.0   OF   NEBULAS. 

DISCOVERED    AT    THE    LOWE    OBSEBVATOBY,    e  A  I.IloKMA, 

Bi    LEWIS   SWIFT. 


Since  the  removal  of  my  astronomical  instruments  from 
the  Warner  Observatory,  Rochester,  N.Y.,  to  the  Lowe  « >b- 
servatory,  Echo  Mountain,  Cal.,  I  have,  besides  entertain- 
ing visitors,  devoted  much  time  to  comet-seeking  with  my 
41-inch,  and  as  a  pastime,  that  an  old  habit  may  not 
entirely   languish,  have  also  at   odd  spells    continued   my 


former  work  searching  for  new  nebulas,  resulting  in  the 
following  list. 

My  low  latitude  +34"  L'O'.  enables  me  to  work  in  fields  be- 
yond the  reach  of  Sir  William  Herschel,  or  of  his  son  Sir 
John,  except  while  sojourning  at  the  Cape  of  G 1  Hope. 

Scarcely  any  can  1 Lassified  as  bright,  and  but  very 
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few,  ari  as  1  h  rsi  hej  'a  i  ilass  II.  w  b 

ity  arc  much  fainter  than  Ms  Class  CTI,  and  thei 
risible  only  during  exceptionally  fine   seeing,  and,  with 
opes,  and  by  an  eye  long  trained  to  this  kind  of 
work. 


The  eyepiece  used  is  a  periscopic  by  the  Gundlach  Opti- 
cal ( !o.  oi  Rochester,  NY.,  giving  iwer  of 
L32,  and  a  field  of  32'.  Its  large  H;.i  field  renders  it  ad- 
mirably adapted  for  nebula-work,  and  for  comet-seeking  it 
cannol  be  excelled. 


s 

u 

8 

I  lescription 

1 

-     1. 12,  1896 

h      m      s 

0       1      1" 

1    19   lo 

pB.  \>.  x  E. 

■_• 

Dec.      8,  L895 

(i  18     3 

+  6  25  35 

eeF.  unequal  I  >>fc  t  16"  same  parallel 

3 

-    it.  10,  L895 

ii  30     0 

-10     7     0 

pS.  R.  eedif. 

4 

5,  1896 

o  38  30 

-  4  41    53 

eeF.  S.R.  Hi"  sfccloses.     Not  239 

5 

Di  c.    18,  1895 

ii  53  22 

12    13   17 

eeF.  pS.  nearly  bet  ;ii"^  p.  and  ;i  9*  :*:  nf.  near  th  latter 

6 

L3,  1895 

0  56   10 

-16     9     6 

pF.  S.R.  9"  >)c  nearly  in  contact  np. 

i 

Oct.      6,  1896 

1    12  45 

-17  38   12 

eF.  6*  in  Held  nf.  pS.R.  in,  star  near 

8 

Dec.    18,  1895 

1    14  20 

-17  22  28 

vF.  pS.  IK.  wiilr  1>*  near  nf.  f  of  2 

9 

is.  1895 

1    14    10 

-17  37  25 

eeF.  \  s.  i;.  pa  7»  >fc  nf.  17".  p  of  2 

10 

Oct.    12,  1896 

1   20  30 

+16     4  42 

eeeF.  pS.  IE.  bet  2  si  in  meridian.     Wide  !>>)<  in  Geld  nf.  eedif. 

11 

8,  L896 

1    13  10 

-27  26   12 

III'..  eeS.  almost  stellar.     1  n  \ aca ncj 

11' 

Dec.      8,  1895 

1    16    15 

-lo  20     ii 

eeeF.  i\  G.C.  418  p 

13 

is.  L895 

1   55    5 

-11  36  25 

eeF.  pS.  bet  tl,  2  southern  of  )  stars  forming  a  trapezium 

1  1 

Oct.      8,  L896 

1  56     8 

-25  34    in 

eeeF.  pS.R.  '■'■  9"  st  near  sf.  form  an  equilateral  triangle,  eedif. 

to 

8,  1896 

2     2  55 

-25  7,7  32 

v ri)  >(c  in  neiiy.  imtli  st  =  m.  tint  of  extreme  faintness.   <  !urious  object 

16 

12,  L896 

2   1 1   20 

-12  i'l  r,r, 

eeF.  ei'll  bet  2  st  pand  f.     8M  >K  near  nf.  a  ray. 

17 

11'.  1896 

2  27  50 

-:;7  li    in 

n  F.S.R.      Wide  I>*  mar  np 

1^ 

Sept.  16,  1896 

3     ii  in 

17  yj  35 

eF.  >s,|;,   psjc  „ear  sf 

19 

Oct.      8,  L896 

3     5     8 

-1'7,  42  :;n 

eeF.  i'S.  2  stars  in  meridian  close  p 

20 

8,  1896 

3  36   15 

■:■:  55  35 

vF.  pS.R.     Not  G.C.  785 

21 

5,  1896 

3  37     1 

-18  32  in 

eeF.  S.R.  in  vacancy 

22 

5,  1896 

3  51      1 

is  :;n  i.-, 

eF.  v.S.  eeeFs|<  \  close  ni 

23 

5,  1896 

1    in  32 

-:;;;  22  25 

eeeF.  eS.  B>j<f.  1532  p.  eedif.  ■',  in  field  including  1)  neb 

24 

Dec.    10,  1895 

4  23     3 

-42  23  17, 

eF.  pL.R.  '■'>  stars  like  belt  of  Or  inn  point  to  it.      p  of  2 

2-5 

Oct.      5,  1896 

1    11     2 

-34   in    13 

vF.  pS.R.  ■'!  stars  in  line  near  sp  nearly  point  to  it 

26 

13,  1896 

5  27  30 

-1'.",  1  1    in 

eF.  pS.R.  8*  *  near  nf 

27 

It;.  1896 

.-.  27    I" 

-17  I'd     :; 

pF.  vS.R.  between  2  stars  ]i  and  f 

28 

Dec.     9,  1895 

;,  29  35 

-I'd  30   15 

\  F.  )>s.  eE.  almost  a  ray.      1963  p                                             mi  >|<  in  field  p 

29 

May   26,  1895 

15  15  in 

-l>:i  19  7,ii 

eeeF.  vL.  not  .>'.is  nor  5903  vdif.bet  2  wide  Dsl  vr  ami  s  Hr' *  nrf 

30 

Aug.   11'.  1896 

I'n  58    19 

+  11  25  17, 

eeeF.  vs.  p  8M  if-  13'  ]>  ami  f.     Wide  I)  >(<  near  n.  eedif. 

31 

Sept.  li'.  1896 

I'l   25  4(i 

+  11   I'd    17, 

eeF.  vS.  F*  near  f.      Not  Tims 

32 

8,  1896 

22  15  19 

-14  7,1      7, 

\  F.  eF.  a  ray .  p  of  2 

33 

8,  1896 

22   16  30 

-10  25  I'd 

i F.  \s.|;.  i'  hrloH  *  L5«.   Little  s.  t  of  2 

34 

June    8,  1896 

22  16   15 

-19  23  I'o 

eF.S.R.  nrn  of  fol  >|cof  7  in  a  line  p  ami  f.  p  of  2 

35 

Aug.     8,  1896 

22  26  54 

-14  38     5 

pB.  pS.R.  pB>|<  near  s.f  of  2 

36 

Sept.  12,  1896 

22    19  in 

-20  57,   17, 

eeeF.  pL.R.  f  9*  ^  same  parallel  i'l'-.   eedif. 

37 

2,  1896 

22  7,1     5 

-37     8  4.s 

■.  F.S,  eeE.  a  ray  sp  of  belou  stars,   sf  of  - 

- 

2,  1896 

22  7.1    10 

-37     o  47i 

B.<  L.R.  bet  2  st  p  ami  f.  np  of  2 

39 

2,  1896 

22  52     0 

-36  27    in 

rF.pS.R.  np  of  2 

to 

Lug.   12,  1896 

22  52     5 

-36  37  40 

vF.  pS.  vF.   sf  of  2 

41 

12,  1896 

22  53   Ki 

-38  17  7,0 

pF.I   I..1F.  2  wide  I>  stars  mar  p 

12 

Sept.  1".  1896 

23     5  30 

-33     7,   17, 

a    leu    eeeF.  St    ill   lleb. 

13 

13,  1896 

23  i'l     (i 

-is  36    i» 

eF.  yS.R.  F^<  p  close  np 

n 

1  1.  1896 

23  i'l   Ki 

-20  25  7,7 

eeeF.  S.   \  E.    S «   ^   p 

15 

1  1.  1896 

23    11    Ki 

is  32  r,r, 

eeeF.  eS.  R.  '.'"  >K  near  f  same  parallel.    1st  of  .". 

16 

1  1.  1896 

23  42     ii 

is   n  16 

eeF.  S.K.  a  6*  ^c  with  dis.  com.  f.  2ml  ot  5 

47 

14.  1896 

23    12     5 

-■^s  42  56 

eeF.  S.R.  3d  of  :, 

is 

11.  1896 

23   12  20 

is  43  7,.-, 

■  eF.  pS.  F.    lib  of  :, 

19 

11.  1896 

23   15     'i 

-28  7,1   7,7 

eeF.  pS.  nrly  bet  an  8M  ^c  nt  anda9M5)esp  nearer  tin-  former 5th  of :, 

.-,ii 

15,  1896 

23  7,1     0 

-29  ::7  55 

\  F.  pS.R.    8M  *  near  sf 

REM  LRKS. 
..I-  '  omet  1889  V  (Brooks),  after  Pooe's  ephemeris.     Saw  again  June  10,  1896 

33.     Foi  i'"r  Brooks's  (omet  1889V.        34.     Found  searching  for  Br cs's  Comet  1889V. 

4!.     Neither  tins  nor  the  four  preceding  nebulas  are  in  Dreyer's  \.<..i  .     No.  38  may  possibly  =  no.  1 159  "f  Dreyer's  Index-Catal  igue. 


N"o-388 
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OBSERVATIONS   OF   COMET  d  1896  (giacobini), 

MADE    at  THE    MCK    ouskkv  WOK'S  . 
Bl    W.  .1.   Ill  SSE1     wi,  C.   I>.   PERRINE. 


1896  Mt.  Hamilton  M.T. 

* 

No. 
i !omp 

6 
la 

* 

/S 

^'s  apparent 
a                         8 

log  /<  A 
for  a           for  8 

Obs. 
1' 

Sept.    '.i 

Hi  L9  .".'J 

;;.< 

dlO  ,  s 

+  11    I'll. 1)0 

+  2     3.2 

ii     i 
17   21 

(L70 

-  s  22 

11.1 

9.631 

0.758 

1(1 

in     :,  i:i 

4 

L5  .  o 

+  o  23.4 1 

+  2  20.4 

17  23 

1.30 

-  s  :;i 

56  1 

0.010 

11.701' 

II 

11 

o  :.l    11 
lo  35  2.". 

0 

0 

+  o  23.69 

+  0     0.7 

1  7'  25 

7.7  1 

-  s   11 

31.2 

0.0  10 

(1.700 

II 
II 

28 

s  50  .".('. 

I 

d   ,   ,  0 

-0  23.45 

-7,    10.7 

18     1 

7,7.07 

-41    12 

is.  1 

0.7,07, 

0.786 

II 

-.»  16    ••; 

i 

d  0  .  !l 

-ii  20.27. 

—  5  28.9 

1 8    5 

0.27 

-11    11' 

30.6 

0.0(1(1 

H.777 

r 

20 

7  31   46 

0 

d  7  ,  7 

-II      7.31 

-1   27.7, 

18     7 

27,.  1  7 

11     10 

30.0 

9.365 

0.809 

11 

7  47,  :;i 

0 

dlO  ,  s 

-0      7,.73 

-1  37,.:; 

is    7 

27.07, 

-11    10 

37.  S 

o.ooi 

(LSI  IS 

r 

30 

7  50  58 

11 

dlO  ,  s 

+  o    8.85 

+  <i    •_'.:> 

IS    111 

5.93 

-11   27 

21.7 

o.l  l  1 

0.804 

11 

S    s  :;l 

41 

dlO  .  s 

+  0  10.87 

—  0      0.0 

18  10 

7.07, 

-11  27 

30.8 

O.IS'.I 

0.803 

i- 

Oct,      2 

7  39  46 

13 

d  7  ,  s 

-0   17,.  32 

+  2   1  1.2 

18  15 

27,17, 

-11  42 

10.3 

o.li:; 

0.788 

11 

:; 

7     1  32 

17, 

,/  s  .  s 

-0     2.15 

+  2  40.2 

is  18 

7.(11 

-11   49 

17.S 

0.1:17 

0.816 

11 

4 

7  53  7,0 

10 

,/  s  .  s 

+  0       1.03 

+  2  43. 8 

18  20 

58.7  1 

-11    7,0 

30.1' 

9.468 

0.805 

ii 

s     6  47, 

10 

,/  s  .  s 

+  0     6.58 

+  2  40.9 

18  21 

(1.30 

-11  7.0 

12.1' 

0.40S 

0.801 

i* 

i 

7  34     7 

IS 

,/  s  .  s 

-o   12.38 

-0   lo.l 

is  29 

22.22 

-12  10 

39.9 

0.117 

0.810 

it 

7  50  10 

IS 

,/1ll  .  s 

-0   10.44 

-0  7,2.1 

is  29 

24.10 

-12   10 

Ii'. 0 

0,107, 

(LSI  Ii; 

i' 

s     2     <) 

IS 

d  s  ,  s 

-0     0.41 

-0  7,1.4 

18  29 

25.19 

-12   10 

1  1.0 

0.  10  1 

11.700 

11 

8  15  17 

18 

dlO  .  o 

-(»     7.30 

-0  7,7.0 

18  29 

27.21 

-12   10 

IS.I 

0.7,1' 1 

0.794 

i' 

s  36     8 

18 

d  s  .  s 

-0     5.31 

-1     5.8 

18  29 

29.29 

-12   10 

7,0.:; 

0.7,7,0 

0.790 

11 

8 

7  47.  48 

10 

d  s  ,  s 

+  u     3.53 

+  0  21.1 

18  32 

1  LSI 

-12   23 

3.0 

0.47,0 

o.so:; 

11 

7  58   10 

10 

,/10  ,  s 

+  0     4.00 

+  0   17,. 7 

18   31' 

10.27 

-  12   23 

S.J 

9.486 

0.707 

p 

S    111     11' 

19 

dlO  .  s 

+  0     0.7,11 

+  0  13.0 

18  32 

17.7S 

-12   23 

11.1 

9.513 

0.700 

H 

S  11   25 

19 

dlO  .  s 

+  0     s.is 

+  0      0.0 

18  32 

10.40 

-12   23 

1  7,.  1 

o.7,|ii 

0.792 

P 

Mean 

Places  for  1896.0  of  Comparison- Stars. 

Red.  in 

8 

Red.  to 

* 

z 

app.  place 

app.  place 

.Authority 

3a 

h       1 

17  20 

^.se 

+  ;;jio 

-  8  24  38.5 

-5.8 

Micrometer-comparison  with  "•/, 

3i 

17  20 

10.47 

+  3.00 

-   8  34  42.1 

-5.9 

.,,(Mnnich.107,SS  +  Sj.  6222) 

4 

17  22 

3,4.07 

+  2.0S 

-  8  34  11.0 

-5.8 

S.D.M.—  8°4445.  Dual,.  Mean  used.  ( 'on. with  *7. 

5 

17   20 

10.54 

+  2.98 

-   S  34  41.S 

—5.8 

Sj.  0222 

6 

17  24 

41.05 

+  3.00 

-   S    17   20. 1 

— 5.5 

Weisse's  Bessel  XVII,  300 

t 

IS     7) 

17.51 

+  3.01 

-11     6  58.4 

— r3.3 

S.D1I.  — 11°4550.     Connected  with  #8 

8 

18     4 

r,s.r,r, 

+  3.01 

-11      2  31.  S 

-3.3 

Weisse's  Bessel  XVIII,  26 

9 

IS     7 

29.77, 

+  3.03 

-11   17  7,0.7 

-2.8 

Anon.     Connected  with  *10 

10 

IS     7, 

40.00 

+  3.1)1' 

-11    10  7,0.0 

-3.0 

Stone,  Radcliffe  Catalogue,  1740 

11 

18     0 

7,4.07, 

+  3.03 

-11  27  21.5 

-2.7 

Anon.     12"±.     Connected  with  *12 

12 

18  11 

0.96 

+  3.04 

-11  20    7,.:; 

-2.7 

Munich.)  1  |,  17,707.     S 

13 

IS   17, 

39.73 

+  3.04 

-11  44  28.1 

-2.4 

S.DM.  _n°40O4.     Connected  with  *14 

14 

18  10 

48.66 

+  3.05 

-11    7,4  37.0 

-2.4 

^(Munich  (1),  16072  + Weisse's  lies.  XVIII,  312) 

15 

18  IS 

6.16 

+  3.03 

-11   7,2      1.0 

-2.4 

Anon.     12M±.     Connected  with  -X-14 

10 

IS    I'D 

50.70 

+  3.02 

-11    7,0  20.0 

-2.5 

Anon.     Connected  with  -X-17 

17 

IS  17 

23.05 

+  3.1  H' 

-12     3  7,4.0 

-2.5 

Argentine  General  Catalogue  25069 

IS 

is  I'O 

31.56 

+  3.114 

-12  17,  40.0 

-1.5 

Santini  2039 

19 

18  32 

8.25 

+  3.03 

—  12  23   22. S 

-1.3, 

S.DM.  -12°5122.     Connected  with  *20 

20 

IS  31 

43.32 

+  3.03 

—12  20     S.I 

-1.3 

Stone  4882 

Sept.  9.     Seeing  poor,  windy. 

Early  in  September,  as  seen  in  the  36-inch  telescope,  this  comet 
hail  a  fan-shaped  tail  about  IV  in  length,  and  a  distinct  brightening 
at  the  center  of  thecoma.  By  the  latter  part  of  September  its  ap- 
pearance had  greatlj  changed,  it  had  become  fainter,  much  more 
diffuse  and  less  definite  in  its  outlines.  It  still  retained  its  faint 
stellar  nucleus.  At  times  we  had  somewhat  uncertain  impressions 
of  there  being  two  nuclei. 

Ml.  Hamilton,  Cal,  1896  October  23. 


The  observations  of  Sept.  !>  and  28  were  made  With  the  12-inch,  an  1 
all  the  others  with  the  36-inch  telescope.     Except  on  September  10 
and  11,  the  Jus  were  measured  directly  with  the  micrometer.     The 
declination  of  >fc  li'  is  not   thai   given  by  the  Munich  Catalo 
that  derived  from    a  comparison  with   Stone,    Radcliffe   Catalogue, 

47l'T.      By  this  c parison  Munich  (1)  l",~'.i7  appears  to  be  in  error 

"".4. 
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OBSERVATIONS  OF  COMET  c  L896  (1889  V), 

M  Am     \  i     i  ii  i     UCK    OBS1  i;\   \  i  "i:\  . 
Bl    UN. 1.1  \M    .1     III  SSE1  . 


* 

v 

. 

i 

-* 

appan  nl 

log 

'A 

i p. 

la 

j8 

a 

8 

for  " 

for  8 

h        in       8 

ii     ii 

July  30 

i:;     2  37 

6 

d  8 

- 

+  ii     1,88 

-1  58.7 

22  38 

1  1.71 

-18° 

30   18.6 

„'.)  II'. HI 

0.857 

'   31 

lii  30     6 

6 

d  8 

8 

0     8.22 

3  26.7 

22  38 

1.62 

-18 

32  16.6 

«9.589 

0.810 

in  31   21 

8 

,/  s 

8 

+0  1  1,27 

+  1  24.6 

22  37 

15.29 

18 

33  59.8 

//."..".SI 

0.812 

•  ■ 

10    is  24 

8 

,/  8 

- 

-0     1.26 

ii   is. 7 

22  37 

26.77 

18 

35   13.0 

„'.».  184 

0.822 

!'J   11   21 

8 

,/  8 

8 

_0     5.07 

—  (i  23.6 

!_'  -    '•  >  i 

25.96 

-  IS 

35   17.9 

»9.283 

0.850 

3 

LI  10     9 

8 

d  8 

8 

-0  24.43 

-2     1.1 

22  37 

6.63 

-18 

37  28.5 

„'.).  IS7 

0.834 

I 

1  1   43    12 

9 

./  8 

8 

0  24.19 

-2  24.9 

22  36 

15.31 

18 

39  17.6 

»9.378 

0.845 

5 

1.-.     1  50 

lit 

8 

3  50.4 

IS 

11    16.1 

9.856 

6 

i:;   L2   16 

12 

,/  8 

8 

+0      1.11 

+2   11.3 

22  36 

57.09 

-18 

43     1.0 

u8.591 

0.863 

: 

11     '.i  35 

L2 

,/  8 

8 

-0  19.13 

+  o  32.9 

22  35 

33.87 

-18 

1  1  39.3 

»9. 1 1  1 

0.839 

12 

L2     9  is 

11 

6 

-5   16.4 

IS 

53  27.5 

0.862 

12  39 

L5 

,/  8 

+0      l.'.il 

22  33 

3.23 

„s.:i;; 

L3 

L2  26    i;; 

If. 

'.i 

8 

+2  53.56 

+  1  45.8 

'.'l'  32 

30.1  1 

18 

55     8.1 

»s.m; 

6.865 

15 

12     8  20 

L6 

L2 

8 

+  1    1  1.03 

-1   21.3 

22  31 

20.60 

18 

58   15.1 

»8.955 

0.861 

n; 

13  L'ii  30 

16 

l 

-2    19.1 

-18 

.V.i  42.9 

0.864 

19 

1  1  57     8 

17 

,/  8 

0  23.05 

22  28 

15.68 

9.468 

28 

L3   17     3 

L8 

3 

8 

-0     0.69 

+2  43.1 

.».»  22 

39.07 

-19 

s  57.8 

9.384 

0.841 

31 

9     8     3 

20 

d  8 

8 

-0     9.97 

+3  36.3 

22  20 

42.42 

-19 

s   16.7 

V.i.  is;; 

0.837 

11   24  51 

21 

,/  8 

8 

-0   11.28 

+  5  11.1 

22   19 

7.7. 7'.i 

19 

7    13.3 

„S.1'II| 

0.865 

2 

i:;  ..I     5 

23 

./   1 

l 

_0  ,3.87 

-1    14.8 

22   19 

12.12 

-19 

(i  54.6 

9.473 

0.833 

3 

1 1   58    3 

.'I 

l 

ii   18.3 

-  19 

6     1.:' 

0.860 

L2   L9  56 

24 

lo 

■  2     8.26 

22   18 

34.47 

9.090 

1 

L3  21  34 

25 

11 

l 

+  2     4.71 

-3  24.2 

22   17 

52.96 

-1!) 

4  52.1 

9.407 

0.846 

5 

L2  in  I'll 

25 

Id 

8 

+  1    27.16 

-2  10.6 

22   1  7 

15.41 

-19 

3  38.5 

9.090 

0.862 

L0 

L2  55  53 

25 

3 

+  7  20.9 

18 

54     4.4 

0.843 

Mean   Places  for  1896.0  of  Comparison- Stars. 
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S 

* 

a 

app.  place 

app.  place 

Am  liorll  | 

2 

22 

1.23 

-18 

s    12.6 

S.DM.— 18  hits.  mer.  circ.  determ.  bj  Prof. 

Tl  i  ki.i; 

6 

22 

38     5.95 

-IS 

L".l 

KM 

Anon.  lll"i.     Connected  with  %.' 

■ 

22 

37  39.33 

-IS 

23 

23.6 

S.DM.      In  6176,  mer. circ.  determ.  by  Prof. 

1  i  I  k  i  i: 

- 

...» 

37  27.09 

-is 

35 

45.0 

S.DM.  — 18°6175        ■'              

" 

:i 

22 

37     5.52 

•  3.9S 

-18 

37 

13.8 

+  21.1 

Am. n.  mi »  l.     ( lonnected  \\  ith  ^ 

Hi 

22 

35  7.7.1 

•  l  m 

-18 

37 

11 -..7. 

+20.8 

S.DM.      L8  6171.     Connected  with  #11 

1  i 

22 

10  27.94 

+  1  01 

-18 

38 

56.6 

+  1'  1  .  1 

4(Munich(2)  12670+Weiss's  Argelander  17581) 

12 

22 

35    18.94 

-18 

17. 

33.4 

Anon.  12M  L     Connected  with  #13. 

L3 

..., 

38  22.36 

-18 

l;i 

34.8 

Munich  (2)  12651 

14 

22 

31     0.16 

+4.16 

is 

48 

31.7 

+  l'i».r. 

Weiss's  Argelander  17493 

15 

22 

32  57.13 

■  1.16 

-18 

7,(1 

56.9 

+20.8 

Anon.l4M±.     Connected  with  >)cll 

16 

22 

29  32.37 

18 

7.7 

1  1.1 

Weiss's  Argelander  17177 

17 

.... 

29     1.45 

■   l  28 

-19 

ii 

26.3 

+  20.7 

\iiuii,  10*        <  Connected  «  itli  #m 

is 

22 

22  35.41 

+  l.:;:. 

19 

11' 

0.8 

\  19.9 

Anon.     ( lonnected  »  iili  #l'.i 

19 

22 

23  1  1.31 

+  4.:!.-. 

19 

17, 

12.0 

+  19.9 

|(Munich  (2)  12495+Cihcinnati  Z.C.  3785) 

20 

22 

20    18.01 

+  1.38 

19 

12 

12.9 

+19.9 

S.DM.  -   19  6276,  mer.  circ,  determ.  by  Prof 

Tl  i  KER 

21 

22 

I'd     4.68 

•  1.39 

19 

l.; 

1  1.:; 

+  1 '.».('. 

s.dm.  -  19°6272.     Connected  with  *•-"-' 

29 

22 

19  50.02 

•  1.39 

-19 

12 

1 2.5 

+19.6 

sum.      19  6271,  r.circ.  determ.  bj  Prof 

TtJCKEB 

23 

22 

19   11.59 

•  1.40 

-19 

7. 

59.4 

+19.6 

Alum.  12"  fc.     Connected  with  #:'l 

24 

.... 

-ii  38 

-  !    In 

-19 

7. 

32.6 

+  1'.).0 

s.dm. — in  6275,  mer.  circ. detenu,  bj  Prof 

Tl  CKEB 

25 

22 

1.-,   13.83 

-1'.) 

1 

17.1 

Stone,  Radcliffe  I  atalogue  6001 

Julj  31,  August  1.  -i  (l-i  obs.),   :.  1.  7.  I.",.  16, 
1'.'.  31,   i       '  er  1,  were  made  with  the  12-inch,  ami  the  others 

with  the  36-inch . telescope,     d  indicates  that    J...   was   measured 
directly  with  er.     For  :+;>'.  the  reductions  to  apparent 

:.  :   Julj  ::i  7  :   for 

#8,  Aug.  i,  +: 


+20".8;  for  #12,  Aug.  6,  4-1  04,  +-.T.1:  Aug.  7, +4".06, +21».2; 
for  #16,  Aim.  13,  +4 -.is.  +2C.5;  Aug.  15,  +4«.20,  +20".6;  Aug.  16, 
+4'.22,  +20".6;  for  #25,  Sept.  1  and  5,  +4".42,  +19*.2;  Sept,  10, 
....  +21".8.  Professor  Tuckek  has  kindly  determined  the  po- 
sitions of  a  number  "t  the  Btars  with  the  meridian  circle. 
Mi    II  •  •  I-."'.  Oct.  29. 
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VIADE    \  i     mi:    ROYAL  o 

(Communicated  by  W.  II.  M. 
The  following  measures  of  V.  7n  Ophiuchi  were  made  with 
the  28-inch  refractor,  the  full  aperture  of  the  object-glass 
being  used.  The  power  employed  in  the  measures  was  670, 
lmt  a  power  of  L030  was  used  for  examining  the  stars.  The 
measures  were  made  with  a  bifilar  micrometer,  the  diameter 
of  the  spider-threads  being  0".07. 


BSER\   V.TOBY,    QBE!  \  wicil. 
CHRISTIE,    Astronomer   Royal). 


Date  of 

Position 

Observation 

Angle 

Distance 

( (bservers 

1896.608 

289.5 

2.23 

Mi 

.  Dyson 

1896.580 

290.4 

2.08 

.Mi 

.  Lewis 

.608 

290.0 

2.17 

•  ■ 

.619 

290.2 

2.11 

it 

.695 

289.8 

1.98 

■  ■ 

.742 

290.0 

2.06 

•• 

1896.649 

290.1 

2.08 

•  • 

Date  "i 

Position 

( observation 

\  iiul.- 

nee 

( Observers 

L896.457 

L's.-...-, 

2.65 

Mr 

!'•"«  J  II; 

.559 

283.5 

2  12 

•■ 

..-.7ii 

292.2 

2.11 

•• 

.638 

290.3 

2.20 

•■ 

.649 

288.3 

2.25 

•  • 

.660 

288.7 

2.37 

■' 

1896.589 

288.1 

2.33 

- 

1896.619 

290.9 

2.18 

Mr 

N  1  l;  LICIT 

These  measures  agree  with  those  givi  □  bj  Dr,  Si  i 
I.-'..  No.  384   (though  the    position-angle  i     rathe]   larger 
than    his),    in    indicating   a    correction    to    Prof.  Schue's 
orbit. 

Royal  Observatory,  Greenwich,  1896  " 


OBSERVATIONS   OF   COMET/ 1896  (pebrine), 

MALIC    AT   THE    LICK    OBSEBVATOBY,    WITH    THE    12-IM  II    EQUATOBIAL, 

Br  C.  D.  PERRIXK. 


Jit.  Hamilton  M.T,              % 
1 

No. 

Colli].. 

fr  —  ^                                        o    's  apparent 
Ja                    /S                      a                          8 

log 
for  a 

pA 
for  8 

NTov.2     11     6  29 

3  8  55  19 

4  6  27  32 

1 
2 

3 

dlO  ,  L0  ]    +o"'l'.M.i.-. 

11.    7       +2   13.23 

dlO,    8  |    -0  23.77 

+5  40.6 
+  4  30.6 
-5  36.2 

l'ii  21   36.33 
20  19  55.53 
20  18  21.19 

+  25     6  39.8 
+  24  21      7.2 
+  23  36  53.2 

9.713 
9.613 

9.1  76 

0.656 
0.491 
0.340 

Mean  Places  for  1890.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

'» 
3 

20  21  14.1)9 
l'ii  17    10.03 
20  18  42.68 

+  2.29 

+  2.27 
+  2.28 

+  25     0  39.5 
+  24  16  17.5 
+  23  42  10.2 

+  19.7 
+  19.1 
+  19.2 

Becker,  Berlin  A.G.  Catal.  7697 
Becker,  Berlin  A.G.  Catal.  7666 
Becker,  Berlin  A.G.  Catal.  7674 

d  in  col.  of  corapar.  denotes  Ja  measured  directly.         Nov.  3.  —  High  wind  ;  seeing  poor. 

Comet  is  about  2'  in  diameter,  round,  well  marked  condensation.     It  is  about  equal  in  brightness  to  a  10-11  mag.  star.     Xo  tail. 


COMET/ 1896. 

A  faint  comet  was  discovered  by  Perrixe  at  the  Lick  Observatory,  Nov.  2,  19h  13ra,  in  right-ascension  20*  21'"  36".3, 
and  decl.  25°  6'  40"  1ST.     Daily  motion  —  2"1  in  a,  and  45'  southward. 
It  has  been  since  observed  by  Peebixe. 

1896  Nov.  3.7215  Greenw.  M.T.  a   =   20   1 9".-,.V5,         8   =    +24°  21      5° 

4.6(170         "  "  20   18  21.2  +23  36  53 


Prof.  Hoedex  has  telegraphed  from  the  Lick  Observatory,  elements  and  ephemeris  computed  by  Messrs.  Hussei 
and  Pebbine  from  the  foregoing  observations. 


Elements. 

T  =   1897  Jan.  is. 61 
m  =   133°  9') 
Q,   =     78  44    -Eq.  L896.0 
i  =   145  53  ) 
q  =  1.5441 


Ephemeris  fob  Geeenwich  Midnight. 

a  8  Brightn. 


L896Nov.    6 

L'n  i.-.  n; 

+  22     6 

0.96 

in 

9  44 

19     7 

14 

5  20 

16  21 

is 

I'll       1      IS 

+  13  57 

0.83 

THE     A.STKONOMICAL     JOUIiNAL. 


V  388 


Mr,  il  m  u  ol  Edinburgh  lias  telegraphed  the  following: 

8 

Ei  i  men  rs. 

L896  Nov.  L6         20     3     i»             1  l  :.<> 

1897  Feb.  7.56 

20         L9  59  •"•<;         +12  18         1.0 

<u  =-    L68 

Ai   tin'  Lasl    momenl  before  publication    Mr.  Perrine's 

ft  =    85  ;;'.» 

/   =    1  If.      7 
9  =  1.1162 

Eph                 or  Greenwii  ii   M  u>\  ight. 

orbil    h                    with  more  detai '                   his   obsi  n a- 
<l    the    rectangular   coordinates    lor    the 

itor: 

.-■  =   >-[9.92185]  sin  i,  !  1  ic.  52  29) 

L896Nov.    8         20   12  20         +20  38         1.0 

y  =   c[9.98846  |  mii  0+245   13     5) 

12         20     7   11'         +17  :;i 

z   =   r[9.774  19]  sin  (v+174     6    13) 

m:\v  astronomical  work 


i  llschaft.  Erste  Abtkeilung.    Elftes 

[-20       i    ioa.  M< '  >("'  -'•  >•  Sti  i  nioorti   /.'■  r- 

.     .  \.     \l    v\  ERS. 

The  northern  section  of  the  Catalog  der  Astronomisclu  Gesell 
sehafi  is  to  consisl  of  fifteen  parts.  Bight  of  these  have  now  been 
published,  and  a  nintb  (Cambridge,  Eng.,)  is  in  press.  The  present 
volume  contains  the  observed  positions  in  the  first  Berlin  zone  oi  9789 
stars.  Thisvohime,  prepared  bj  Dr.  \>  m  ks  from  his  own  obser- 
vations, contains  not  onlj  the  catalogue  of  star-places,  but  also  verj 
much  more,! unting,  in  fact,  to  .i  complete  compilation  of  avail- 
able knowledge  relating  to  meridian  observations  of  stars  within  the 
zone  +14°  50'  to  +20°  10'.  The  methods  bywhicb  systematic  unity 
in  the  observed  positions,  and  in  their  relation  to  the  Fundamental* 
.  was  secured  are  presented  in  minute  detail;  there  are 
extensive  tables  exhibiting  the  iinlivi.lual  results  of  a  comparison  of 
this  catalogue  with  every  other  star-catalogue  of  anj  importance,  and 
there  are  extensive  discussions  "t  the  systematic  differences;  finally. 
the  dis  .per  motion  is  exhaustive,  [n  the  appendix  is 
i  te  oi  1800  stars  in  this  zone,  for  which  propei 
motion  has  been  determined;  and  in  another  place  are  given  the  de- 
tails of  ih in  nutation  for  this  purpose  in  relation  to  1035  stars.     In 


the  introduction  is  printed  a  list  of  '.»T  stars  in  this  zone  ha\  ing 
in. .'lion,  in  each  instance,  of  0".25  or  more.  ( if  these,  51  are  there  de- 
rived for  the  first  time;  and  of  these  new  ones,  that  of  1".  893  for  Catal, 
\...  1999,  and  that  of  l*.180  for  No.  6369,  are  remarkable;  especially 
since  the  magnitude  of  each  of  these  stars  is  only  9".2.  Dr.  At  h  Eita 
finds  thai  the  average  centennial  proper  motion  for  the  stars  arranged 
in  order  of  magnitude  can  be  very  approximately  expressed  by  the 
formula,  .»»,.  in  which  m  Is  the  magnitude;  and  mp  =  33*.2 
is  a  constant.  A  better  representation  is  had  from  the  formula 
log  mn  =  1.5000  +0.(5200  (m— 5.0).  This  attributes  the  following 
mean  proper  motions  for  a  centurj  to  stars  of  the  respective  orders  of 
magnitude. 


1.0 

26.3 

6.0 

5.52 

2. 11 

1M.77 

7.0 

4.95 

3.0 

9.63 

8.0 

4.. -.4 

4.0 

7.55 

9.0 

4.22 

."..(1 

6.32 

10.0 

3.98 

Hi-.  \  i  win-  uu.ls  that  his  investigations  point  to  a  constant  of 
precession  that  cannot  differ  much  from  that  of  Bessel  (which  he 
adopts  in  proper-motion  investigation),  a  result  which  is  in  sub- 
stantial agreement  with  other  recent  investigations. 


TISSEKAXD    AND    GYLDEN. 


It  is  with  grief  that  "••  record  the  decease  of  these  two  prominent 
masters  in  •  lelestial  Mechanics. 

pB  ujcois  Ft  '  iroi  the  I  tbservatorj  of  Paris, 

died  in  that  citj  1896  Oct.  20,  in  the  Bfty-se id  year  of  his  age.     Ee 

«a~  a  n  i  G  Cote  d'Or. 

j,  \.  11 1  ....  i.vi.iu'.n,  Director  of  the  Observatorj  ..i  Stockholm, 
died  there  1896Nov.l0.     Be  was  born  at   Qelsingfors  in  1841,  and 


has  i n  f or  inan\  years  President    of   the    Astronomischt    G 

schaft. 

Both  these  distinguished  astronomers  hai intributed  largely  to 

the  development  of  the  Theory  oi  Perturbations,  and  nave  essentially 
influei I  its  recent  progress, — the  one  bj  his  clear  and  orderly  pre- 
sentation of  iis  present  condition,  the  other  bj  his  new  and  verj 
ingenious  met  bods  oi  I  reat  ing  ii . 


CONT E N  T S  . 
s  Variable  Stars,  —  No.  l-">.  by  Mr.  Henry  M.  Parkki  rst. 

COMPANION    OF    SlRlUS. 

Measures  "1    SlRIUS,   BY   Prof.    R.   G.    Aitken. 

Observed  Maxima  of  Variable  Stars,  by  Mr.  Paol  S.  Yendeu,. 

Catalogue  No.  1  for  1! Nebulas,  bi    Proi     Lewis  Swift. 

/  L896    Giacobini),  by  Prof.  W.  J.  Hussey  and  Mr.  C.  D.   Perrini 
Observations  oi    Comei  c  1896     1889V  .  by  Prof.  W.  .1.  Hussei 
Micrometer-Measures  ..i    F.  70  Ophiucbi,   n    mi    Res  u   Observatory,  Greenwich. 
Pi  rriot    .  bi    Mr.  C.   D.   Perrine. 
II.  ssi.v.  Halm. 
Niw   A-,  ronomical  Work. 

TlSSl  RAND    IM.    GyLD^N. 
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BENJAMIN  APTHORP  GOULD. 


It  becomes  the  sad  duty  of  the  Astronomical  Journal  to  announce  the  death  of  its  founder.  Suddenly,  but 
painlessly,  he  passed  away,  in  the  evening  hours  of  Thanksgiving  Day,  November  26.  Thus  closes  a  career  of 
single-minded  devotion  to  science,  full  of  activity  to  the  end.  Our  grief  at  the  irreparable  loss  is  tempered  with 
gladness  that  he  had  the  satisfaction  of  pursuing  his  work  to  the  last,  in  the  plenitude  of  his  powers,  ami  of 
leaving  his  final  great  undertaking  —  the  reduction  of  his  photographic  measures  of  southern  stellar  clusters  —  in 
a  condition  substantially  complete;  so  that  it  will  be  given  to  the  world  as  it  came  from  his  hand.  That  he  migh.1 
be  spared  to  do  this  was  his  most  earnest  solicitude  and  hope. 

Benjamin  Apthorp  Gould  was  born  in  Boston,  September  27,  1824.  He  entered  the  Boston  Latin  School  in 
1836,  and  graduated  from  Harvard  College,  with  high  distinction  in  classical,  as  well  as  in  mathematical  and  physical 
studies,  in  1844.  After  teaching  for  a  year  in  the  Latin  School,  he  decided  to  devote  himself  to  a  purely  scientific 
career.  As  a  preparation  for  this,  he  went  to  Europe  in  July,  1845,  to  study  astronomy,  working  at  the  Green- 
wich Observatory  three  months,  at  the  Paris  Observatory  four  months,  at  the  Berlin  Observatory  a  year,  at  Altona 
Observatory  four  months,  and  at  Gotha  Observatory  one  month.  He  returned  home  in  1848.  In  1852  he  was 
appointed  to  take  charge  of  the  longitude-determinations  of  the  Coast  Survey.  He  organized,  developed  and 
extended  this  service,  retiring  in  1867.  Meanwhile,  in  1855,  he  became  Director  of  the  Dudley  Observatory  in 
Albany,  equipped  and  organized  the  institution,  and  carried  it  on  without  remuneration  and  at  his  private  expense. 
He  left  it  in  1859,  after  a  severe  struggle  to  preserve  the  institution  for  purposes  of  scientific  investigation. 

In  1859  he  published  his  discussion  of  the  places  and  proper  motions  of  circumpolar  stars,  for  use  as  standards 
in  the  Coast  Survey.  These,  as  revised  by  him  in  1861,  together  with  his  similar  list  of  clock-stars,  were  adopted 
as  the  standards  for  the  American  Ephemeris,  and,  as  to  the  circumpolars,  remain  in  such  use  to  this  day.  In 
1866  he  published  his  reduction  of  D'Agelet's  observations.  About  the  same  time  he  performed  a  similar  service 
for  the  greater  part  of  the  observations  made  at  the  United  States  Naval  Observatory  since  its  establishment,  and 
also  for  the  expedition  to  Chili  to  determine  the  solar  parallax.  In  1866  he  planned  and  executed  the  work  of 
establishing,  by  the  Atlantic  cable,  the  relation  in  longitude  between  European  and  American  stations.  As  actuary 
Of  the  United  States  Sanitary  Commission  he  conducted,  and  published  in  a  large  volume,  extensive  and  important 
researches  upon  Military  and  Anthropological  Statistics  and  the  Distribution  of  Population.  About  the  same  time 
he  undertook  the  reduction  of  Ruthekfurd's  photographs  of  the  Pleiades.  The  results,  partially  published  in 
1866,  were  submitted  completely,  in  an  elaborate  memoir,  to  the  National  Academy  in  1870,  together  with  a  second 
memoir  on  the  Praesepe.  He  was,  indeed,  a  pioneer  in  the  utilization  of  photography  for  exact  astronomical 
measurement.  About  1864  he  built  an  observatory  in  Cambridge,  equipped  with  an  8-ft.  transit-instrument,  and, 
until  1867,  carried  on  a  determination  of  the  right-ascensions  of  all  the  stars  to  the  tenth  magnitude  within  one 
degree  of  the  pole.  This  work  was  completely  reduced,  but  the  discussion  and  publication  were  postponed  by  his 
removal  to  Cordoba. 

In  1865  he  became  intensely  impressed  with  a  desire  to  explore  the  southern  celestial  hemisphere.  The 
opportunity  to  do  so  soon  came.  This  project  assumed  at  first  the  form  of  a  private  astronomical  expedition, 
for    which    his    friends    in    Boston    had    promised    the    pecuniary    means;     but,    under   the    enthusiastic    support    of 
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Mr.  Sarmiento,  at   first  as  A  e    Vlinister  ko  tins  country,  ami    lain-  as   President  of   thai    Republic,  it    rapidlj 

broadened,  and  finally  led  to  the  establishment  1".  Dr.  Gould  ••!  a  permanent  National  Observatorj  at  Cordoba. 
This  marks  an  epoch  in  modem  astronomy,  tl  ation  of  our  knowledge  of  tin'  two  celestial  hemispheres.     The 

institution  ami  its  work   form  an  impressive  monument  to  His  memory. 

It  is  impossible,  in  brief  space,  bo  describe  or  oharacteri  e  bhe  marvelous  work  lien'  undertaken  ami  so  Eaull 
K's>ly  pushed  to  completion  by  Dr.  Got  u>.  during  the  fifteen  years  of  self-imposed  exile  from  his  native  land,  with 
unfaltering  devotion  ami  energy,  in  tin1  face  of  difficulty  ami  domestic  bereavement.  The  work  on  tin-  uranography 
nt  tin-  southern  heavens  was  finished  in  1874,  ami  was  published  under  the  title  "l  the  Uranometria  Argentina, 
which  will  remain  a  classic  tnr  all  time.  Tin'  zone-observations,  of  the  stars  between  23"  ami  80°  south  declina- 
tion, which  wen'  thf  original  and  always  tin'  dominant  object  nt'  tin'  enterprise,  were  begun  in  L872,  substantially 
completed   in   1*77.  ami    revised    in    L882-83.     This   work  was   embodied    in    tin-   Zone-Catalogues   containing  73,160 

.  which  appeared  in  issi.     Parallel  with  this,  and  almost  overshadowing  it   in  importance,  was  carried  mi    tin- 

independent    series   nt'   meridian-circle  observations    for   the   General    Catalogue  of  .",!', I  IS  stars,  c pleted    in    1885.      Dr. 

1, 01  in.  besides,  left  the  manuscript  of  the  remainder  of  his  series  of  fifteen  volumes,  not  then  published — contain- 
ing the  observations  and  the  annual  catalogues,  incorporated  in  the  General  Catalogue  —  complete  to  the  minutest 
detail,  ready  tor  the  printer.  These  have  since  appeared  from  time  to  time  — the  last  volume,  rounding  out  his 
work,  reaching  Cambridge  but  a  lew  hours  before  his  death. 

\  aother  pari  of  the  work  for  the  Cordoba  Observatory,  planned  by  Dr.  Gould  as  a  fitting  extension  of  it.  was 
a    Durchmustenmff  of  the   southern   sky.      For   this,   indeed,   he   had    provided   the   instrumental   means   and   trained   the 

Mnts.  it  being  his  purpose  to  he  ready  to  begin  it  at  any  time  in  ease  of  unforeseen  delay  or  accident  to  the 
other  work.  I  'ii  leaving  Cordoba  he  confided  it  to  the  care  of  Dr.  Thome  and  Mr.  Tucker,  who  have  since  so 
worthily   conducted   it. 

Dr.  (ion. n  also  established,  under  the  auspices  of  the  Argentine  Government,  a  Meteorological  service,  second 
in  extent,  it  is  believed,  onlj  to  that  of  the  United  States.  Upon  leaving  South  America  he  intrusted  this  charge 
to  the   hands   of    his    worthy    successor,    WALTER    G.    DAVIS. 

The  earliest  to  recognize  and  demonstrate  the  capabilities  of  photography  to  render  service  to  the  astronomy 
of  precision.  Dr.  Gould,  by  his  experience  with  the  Rutherfuid  plates  of  the  Pleiades  and  the  Praesepe,  was  incited 
to  an  ury    forward    at  Cordoba,  on    an    extensive   scale,   a   similar    work   upon    the  southern    stellar  clusters. 

His  other  labors  there  were  so  onerous  that  lie  confined  his  attention  to  securing  plates  suitable  for  precise  meas- 
urement. <  »f  these  he  accumulated  about  1400,  and  brought  them  home  with  him  for  measurement  and  reduction. 
Without  permitting  himself  a  well-earned  retirement,  he  turned  at  once,  tirelessly,  to  this  labor,  which  has  been 
the  principal  occupation  of  the  last  ten  years  of  his  life. 

Dr.  Got  ii'  had  an  enthusiasm  for  the  advancement  of  his  beloved  science  far  wider  than  the  limits  of  what, 
he  could  by  personal  investigation  accomplish.  Early  in  his  career  he  keenly  realized  that  astronomy  had  reached 
a  stage  of  development  in  America  which  entitled  it  to  a  higher  claim  than  had  yet  been  accorded  to  it;  and 
that  a  journal  worthily  supporting  the  dignity  of  a  pure  science  would  have  very  great  influence  upon  its  future 
progress.  Accordingly,  without  ostentation,  he  established  the  Astronomical  Journal  in  November,  L849,  offering  it 
to  the  use  of  astronomers,  for  the  publication  exclusively  of  original  investigations.  He  edited  and  supported  it 
until,  at  the  end  oi  the  sixth  volume  in  1861.  its  issue  was  suspended,  first  bj  the  war  for  the  preservation  of 
the  liiion.  afterward  by  bis  absence  in  Cordoba.  A  long  nurtured  hope  was  realized  when  he  was  enabled,  in 
L885,  to  resume  its  publication,  and  to  continue  it.  at   the  rate  of  nearly  one  volume  annually,  to  the  present  time. 

enterprises  of    his  life,  this    is  the  one   which    he    has    3t   cherished.     With  careful   foretiioughtj 

he   has   made   due   provision    for   its   continuance. 

Dr.  Gin  1.0  married,  in  1861,  .Mu.-v  Apthorf  Quincy,  daughter  of  the  lion.  Josiab  Qrjracv.  She  died  in  1883. 
Her  sympathy  with  and  influence  upon  his  life-work  maj  be  most  reverently  spoken  of  by  recalling  the  lines  of 
his  dedication  of  the  Zone-Catalogue:  — 

••Tl,  ■     ot     Southern     Stars,   the    fruit     of    nearly    thirteen    years    of    assiduous    toil,    is   dedicated    to  the 

ed  and  honored  memory  of  Makv  Apthorp  Qi  im  v  Goi  cd,  to  whose  approval  and  unselfish  encouragement  the 
original    undertaking    was    due,  by  whose    sympathy,  self-sacrifice,   ami    practical    assistance  its  execution  was   made 

tile,  who    i':  re  ition,  exile,  and    afflicti  e    bereavement    that    it    might    he  worthily  finished,  but 
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THE    NOVEMBER   LEONIDS,   L896, 

By  EDWIN   I'.  SAW3  ER. 


While  it  was  not  expected  that  the  Leonids  would  return 
this  year  in  sufficient  numbei'S  to  constitute  a  shower,  il 
was.  nevertheless,  rather  confidently  expected  that  more 
than  the  average  number  recorded  during  bhe  past  twentj 
years  would  manifest  themselves.  The  results  obtained  by 
the  writer  Nov.  11.  12  and  1  I, the  L'ith  being  unfortunately 
overcast  until  17h  30m,  were,  however,  very  meagre,  and 
failed  to  reveal  more  than  the  ordinary  number  of  stragglers 
recorded  each  year  at  the  passage  of  the  earth  across  the 
cometary-meteor  orbit.  The  maximum  (if  the  few  tracks 
recorded  can  be  construed  as  representing  this  phase)  oc- 
curred on  the  morning  of  Nov.  15,  but  was  at  best  but  a 
very  feeble  manifestation  of  this  well  known  meteor- 
shower's  appearance. 

The  results  obtained  during  each  morning's  watch  were 
as  follows  :     Nov.  11,  watch  from  131'  30'"  to  1  I'1  10m :  very 

\l  i  n."K  Tracks  Mapped 


(dear,  three  meteors  recorded,  none  conformable  to  the 
Leonid  radiant.  Nov.  12.  watch  from  13h  20ra  to  14h  20m ; 
hazj  m  i 'ast  during  20mof  the  time,  obscuring  stars  fainter 
than  the  1th  magnitude ;  verj  clear  afterwards ;  Eourmeteors 
-ecu.  one  being  a  Leonid.  Nov.  13,  watch  from  IT11 ; ;< •  ■  to 
17''    !.">'";    cloudy    and    stormy    until    time   of    watch,    then 

partiallj     bazj    1   twilight,   obscuring    stars    fainter  than 

the  3d  magnitude  ;  not  a  meteor  observed.  Nov.  1  I,  watch 
from  L3b  55m  to  15''10'";  very  clear,  eleven  meteors  re- 
corded, six  of  these  being  undoubtedly  Leonids,  represent- 
ing a  very  feeble  return  of  the  shower. 

From  six  paths  quite  accurately  recorded  on  the  12th 
and  14th,  one  being  nearly  stationary,  the  radiant,  point 
was  fairly  determined  as  at  R.A.  148°+20°.  The  majority 
of  the  unconformable  tracks  mapped  came  from  the  di reel  ion 

Of    (irmilli. 


No. 

Date 

Boston 
M.T. 

Mag. 

Observed  Path 

Length 

Wt. 

Remarks 

From 

To 

R.A. 

Decl. 

R.A.      Decl. 

1 

Nov.  11 

13  57 

4 

123 

+  22 

127     +22 

4 

3 

o 

11 

14     5 

1 

139 

+  37 

142     +34 

4 

3 

3 

12 

13  50 

2 

152 

+  32 

156     +42 

10 

3 

Leonid 

4 

14 

13  56 

o 

1 55 

+  21 

156     +21 

1 

4 

Nearly  stationary  ;  streak  2  sec. 

5 

14 

13  57 

3 

166 

+21$ 

172      +22.1 

5 

4 

From  S  Leon  is  ;  Leonid 

(i 

14 

14  25 

4 

169 

+  22+ 

175      +27. 

6 

4 

Leonid  ? 

7 

14 

14  26 

4 

146 

+  29 

147$   +26 

3 

4 

8 

14 

14  35 

.3 

166 

+  25 

170     +26 

4 

3 

Leonid 

9 

14 

14  45 

4 

118 

+  21 

126     +20 

8 

3 

11) 

14 

11  58 

4 

133 

+  8 

130     +6 

4 

3 

Leonid;  between  eandf  JTj/di-a 

11                    14 

15     5 

1 

194 

+  174. 

203     +15 

10 

3 

Leonid  ;  1  sec. 

Center  of  observati 

on  each  nig 

it.   Lei 

View 

rol  rictcil 

to  one-sixth  of  the 

visible 

teaven 

. 

Brig 

hton,  189fi  No 

B.  17. 

MICROMETRICAL   MEASURES   OF  F.  70  OPHIUCHI, 

MADE    AT   THE    OBSERVATORY    OF   THE    UNIVERSITY    OF    .MINNESOTA, 

By  F.  P.  LEAVENWORTH. 

The  following  measures  were  made  with  the  104-inch 
refractor,  and  magnifying  power  of  300.  The  last  three  ob- 
servations were  taken  in  full  daylight.  There  was  no  flaring 
as  at  night,  and  the  images  were  round  and  well  defined. 


Date  of 
Observation 

1896.529 

1896.765 


Position 
Angle 

289°7 
288.0 


Distance 

2.22 
2.20 


Date  of 

Position 

I  His.  nation 

Angle 

Distance 

1896.768 

288.1 

2  o| 

.787 

288.9 

2.20 

.790 

288.2 

2.15 

1896.822 

288.6 

2. 1 5 

1896.744 

2SS.6 

2.19 

OBSERVATIONS  OF   THE   LEONID   METEORS   OF   1896, 

MADE    AT   THE    WASHBURN    OBSERVATORY, 

By    G.    C.    COMSTOCK    and    A.    S.    FLINT. 


During  the  morning  hours  of  November  13  and  II  (astro- 
nomical reckoning)  the  constellation  Leo  and  the  adjacent 
parts  of  the  heavens  were  carefully  watched  to  determine 
the  presence  or  absence  oi  anj  meteor  showers  which  might 


be  connected   with   the  great  Leonid  display,  recurring  at 
intervals  of  thirty-three  years.      Although  clouds  inter),  red 

eriouslj  with  tl bservations  of  both  nights,  the  fi 

ing  memoranda  of  the  observers  indicate  a  well  marked 
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shower  of  Leonids  on  Nov.  L3,  and  very  feeble  traces  of 
sueh  a  shower  on  Nov.  1  I.  No  attempt  at  determining  the 
radiant  point  of  the  shower  was  made,  since  this  ran.  pre- 
sumably, be  much  better  done  by  the  aid  of  photography 
than  by  eye  estimates  of  meteor  paths.  The  known  position 
Leonid  radiant  was.  however,  used  as  a  criterion  for 
adopting  or  rejecting  as  Leonids  the  meteors  actually 
seen. 

Friday,  Nov.  13.7,  L896,  A.  S.  Flint,  Observer.  The  skj 
was  overcast  al  11'  .  .  but  had  cleared  at  1  -IV'.  Began 
watching  foT  meteors  at  15*  40m,  keeping  the  Sickle,  in  the 
constellation  Leo,  as  the  center  of  attention.  By  16''  14'", 
or  in  an  interval  of  34  minutes,  18  meteors  were  seen,  of  which 
l.">  were  directed  from  the  Leonid  radiant,  while  .'!  had  paths 
widely  different  from  that  direction.  At  16h  10m  Jupiter 
and  Regulus  were  disappearing  behind  thickening  clouds 
from  the  west,  and  at  16"  14™  the  sky  was  overcast. 

At  171'  17'"  the  sky  was  clear  again,  and  the  watch  was 
resumed  and  continued  until  the  twilight  became  pretty 
1. right.  In  20  minutes,  by  17h  43m,  12  meteors  were  seen, 
Madison,   Wis.,  1896  Nov.  10. 


all  directed  from  the  Sickle.  Several  were  bright,  equal  to 
stars  of  the  first  to  the  third  magnitude. 

During  both  watches  all  grades  of  brightness  were  repre- 
sented, several  meteors  being  very  faint  flashes.  All  the 
bright  ones  had  t  rains,  u  liieh  were  of  very  short  durat  ion,  not 
in  ore  than  two  seconds.  The  trains  appeared  of  a  light  COSJ 
color,  in  one  or  two  instances  greenish.    All  were  very  swift. 

Saturday,  Wow.  14.7,  G.  C.  Comstock,  Observer.  Moon- 
light and  clouds  prevented  observations  up  to  15h  30m, 
about   which  time  the  sky  became  almost,  perfectly  clear. 

Between  151'   10"' and   111'1   10'"  six    me rs  were  counted    in 

the  area  u  ithin  25°  of  the  Sickle  in  Leo,  two  of  which  were 
certainly  not  Leonids,  one  was  of  doubtful  origin,  and  three 
were  probably  Leonids.  All  of  the  latter  were  faint,  swift, 
and  of  short  path  and  very  feeble  train.  Between  161'  40m 
and  17h  my  attention  was  diverted  to  other  observations, 
but  within  the  ten  minutes  following  17h  0™  two  Leonids 
were  seen,  one  of  which  was  very  brilliant,  brighter  than 
first  magnitude,  and  had  a  train  about  20°  in  length.  The 
watch  for  meteors  was  discontinued  at  this  time. 


ELEMENTS   AND  EPHEMERIS   OF   COMET/ 1896  (perrine), 

By  W.  J.  HUSSET  and  C.  D.  PERRINE. 


From  Mt.  Hamilton  observations  of  Nov.  2,  3  and  4,  we 
have  computed  the  following  elements  and  ephemeris  of 
Comet/ 1896. 

T  =   1S97  Jan.  18.G072  Gr.M.T. 
v  =  133°   8' 35") 
Q  =     78  33  48    [  1896.0 
i  =  145  52  56  ) 
logg  =  0.1886S 

Residuals  for  the  middle  place, 
O-C,     JXcos/3  =    -5" 
>//.  Hamilton,  Cat.,  1896  Nov.  5. 


J(l   =    +1". 


Constants  for  the  equator, 

x  =  r  [9.92185]  sin  (v+ 146°  52'  29") 
y  =  r  [9.98846]  sin  (u  +  245  43  5) 
z   =  r[9.77449]  sin  (»+174      6   43) 

Ephemeris  for  Greenwich   Midnight. 
A.pp.  a  App.  8  Br. 

1896  Nov.    6.5         *_'<>"  irl"  1(T      22°    6   11       0.96 
10.5        20    9  4::       19     7   15 
1  1.5         20     5  17       16  24  23 
is. 5        20     1    18       13  56  41       0.83 

The  brightness  at  discovery,  Nov.  2.  is  taken  as 


log  A 

0.198 

0.215 

0.232 
0.249 


unity. 


ELEMENTS   AND  EPHEMERIS   OF   COMET/ 1896  (perrine)* 

By  F.  H.  SHAKES. 
The  following  elements  and  ephemeris  of  Comet/ 1896 
(Perrine)  have  been  computed  by  Air.  11.  T.  Crawford 
and  myself,  from  observations  made  at  the  Lick  Observa- 
tory by  -Mr.  Perrine,  on  Nov.  2. .".  and  1.  The  observations 
were  sent  by  telegraph  to  the  Students'  Observatory  by  Dr. 

HOLDEN. 

T  =  1897  Jan.  23.6384  Gr.  M.T. 

i  =  1  l.v  55   22"  / 

SI  =  79    52   47    >  Mean  Equinox  1896.0 

«,  =  138    59  40  ) 

logy  =  0.172302 


Middle  place 

O 

C:      /Acos/3  =    -3".7 

,  .1/3  =   +()".'.). 

Ephemeris  fob  Grk 

:x\\  n  li    Mean 

M  iDN  ionr. 

Nov.  11.5 

a 

20     s"298 

8 

+  ls  2.",:; 

logp           Br. 
0.219         0.92 

15.5 

20     4  17 

15  42.8 

0.235        0.88 

19.5 

20     0  56 

13  16.7 

o.25l         0.84 

23.5 

19  58  19 

+  11        1.0 

0.267        0.81 

The  brightness  on  Xov.  2  is  taken  as  unity. 
Studt  tits'  Obs>  rvatory,  Vnivi  rsity  of  California,  1S96  N< 


I  graphed  values  were  given  in  a  Supplement  to  no.  3SS. 
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DISCOVERY   OP   Till:  COMPANION   TO    PROCYON, 

By  .1.   M.  SCHAEBERLE. 


This  morning  I  discovered  a  companion  to  Procyon,  of 
about  the  thirteenth  magnitude,  in  position-angle  318°.8, 
distance  4".59. 

M  v  two  sets  of  measures  are  as  follows  : 

Telesc.W.  of  pier ;  Procyon  E.  of  merit!.,    .  ~      '.  „'  -„     Wt.  2 

P  =  317°  20  ) 
Telesc.E.  of  pier;  Procyon  W.  of  mend.,    .  _       .,/  -.«  [•  Wt.l 


Ii   is  quite  probable  that  the  observed  perturbatii 
Procyon,  ascribed  bj  Bessel  bo  a  theoretical  companion,  are 

caused  by  this  newly  discovered  star,  as  the  position-an     i 
Prof.  Ai  wi-.ks's  theoretical  perturbing  liody  is  al I  275°. 

The  companion  is  yellowish  iii  color,  and  sharply  defined  ; 
assuming  it  to  be  the  perturbing  body,  its  mass  isaboul  one- 
fifth  of  the  mass  of  Procyon. 

Lick  Observatory ,  1896  Nov.  14. 


OBSERVATIONS   OF  MINOR   PLANETS   AND   COMETS, 

MADE    AT   THE    VASSA  K    COLLEGE    OBSEBVATOBY, 

By  Prof.  MARY  W.  WHITNEY  and  CAROLINE  E.  FURNESS. 


Greenwich  JI.T. 

* 

No. 
Comp. 

Object 
zla 

a 

Apparent 

1 

8 

log 
for  a 

V 

for  8 

Obs. 

Chaldaea  (313 1. 

1896 

Sept. 

21 

h 

15 

29 

15 

1 

10 

+0 

13*27 

+   0  40.7 

11 
1 

36" 

10.24 

+  3 

58 

55.5 

»'.!.  I'.ll 

0.741 

F 

22 

15 

31 

44 

2 

9 

+  1 

6.95 

-  2  58.7 

1 

35 

34.73 

+   3 

49 

17.5 

»9.480 

0.742 

F 

24 

15 

17 

20 

3 

12 

+  0  45.84 

-   5  59.5 

1 

34 

20.32 

+  3 

29 

48.7 

//'.».  I'.tl 

0.745 

F 

28 

15 

34 

27 

4 

7 

+  0 

25.93 

-  6  41.2 

1 

31 

35.58 

+  2 

49 

9.2 

»9.409 

0.717 

F 

Oct. 

8 

16 

9 

48 

5 

1 

_2 

9.77 

-  3  46.1 

1 

23 

39.12 

+  1 

3 

39.5 

»9.055 

0.758 

F 

Nov. 

6 

15 

32 

10 

6 

10  ,  8 

-1 

54.60 

+  3  50.5 

1 

0 

29.65 

-  3 

13 

59.6 

8.890 

0.793 

F 

An 

Iromache  (175). 

Nov. 

21 

16 

15 

47 

7 

5 

_2 

59.37 

+    1  21.4 

4 

50 

13.94 

+  25 

40 

23.8 

&9.258 

0.417 

w 

27 

22 

1 

10 

8 

-0 

34.25 
A 

-12  42.0 

nalthea  (ll.r 

4 

)• 

44 

41.01- 

+  25 

35 

35.0 

9.008 

0.64  1 

W 

Dec. 

16 

15 

29 

23 

9 

5 

+  0 

1  7.82 

-   9  35.3 

5 

29 

12.51 

+  17 

53 

49.9 

M9.164 

0.561 

w 

16 

15 

49 

1 

9 

8 

+  0 

L6.96 

-   9  31.6 

5 

29 

11.65 

+  17 

53 

53.6 

«9.030 

0.555 

F 

17 

15 

15 

55 

9 

6 

-0 

48.56 

—  8  55.9 

5 

28 

6.15 

+  17 

54 

29.3 

/,'.!. L'O'.t 

0.564 

W 

18 

13 

51 

6 

9 

7 

-1 

51.27 

-    7  57.4 

5 

27 

3.45 

+  17 

55 

27.8 

»9.479 

0.604 

F 

Tsmene  (190 

■ 

Jan. 

i<; 

14 

42 

20 

|     10 

7 

-0 

0.72 

-  4  30.5 

7 

14 

25.94 

+  14 

20 

23.3 

»9.298 

0.613 

T* 

16 

15 

23 

45 

10 

10 

-0 

2.14 

-  4  24.9 

Niobe  (71). 

7 

14 

24.52 

+  14 

20 

28.9 

»9.085 

0.612 

F 

Feb. 

2 

15 

28 

18 

11 

11 

+1 

15.7.". 
II 

+   0  48.9 
ermione  (12: 

s 

)• 

32 

8.07 

+  24 

50 

42.4 

„'.i  L53 

0.424 

F 

Mar. 

5 

15 

48 

53 

12 

8 

-0 

6.05 

-  0  44.5 

10 

30 

25.25 

+  20 

2 

34.3 

»i8.907 

0.613 

W 

15 

29 

8 

13 

4 

+1 

34.56 

+  3  13.6 

10 

29 

4.10 

+20 

9 

8.4 

«9.009 

0.51  1 

F 

9 

15 

24 

15 

13 

9 

+  0 

13.90 

+  9  19.2 
Electro  (130 

10 

)• 

27 

43.51 

+  20 

15 

14.1 

aS.970 

0.510 

F 

Apr. 

15 

15 

17 

36 

1     I4 

1        9 

1  +1 

23.23 

+   4  47.1 

13  41 

38.63 

+  10 

41 

13.7 

»9.291 

0.590 

F 

16 

14 

13 

8 

1     14 

10 

1   +° 

43.54 

+   9  57.3 

13 

40 

58.95 

+  10 

46 

24.0 

;/'.!.  173 

O.017 

F 

Svea  (329) 

Apr. 

16 

14 

55 

43 

1     15 

10 

1  -1 

37.11 

-   3  54.4 

'.diet  b  189 

13 
6. 

8 

34.15 

+   3 

42 

10.7 

»9.207 

u7;;r, 

F 

May 

15 

15 

27 

39 

1     1G 

1       9 

1  +1 

29.48 

+   9  24.8 

1 

21 

56.23 

+  0S 

L2 

28.9 

w9.389 

0.913 

F 

10 

15 

19 

39 

1     17 

8 

+  0 

19.76 

+    1     7.2 

1 

14 

13.94 

+  08 

42 

34.6 

»9.426 

0.911 

W 

Comet /IS! 

6. 

Nov 

7 

13 

1 

9 

1     13 

1       8 

1  +1 

1.64 

|    +   1     0.4 

|  20 

13 

38.59 

+  21 

16 

8.1 

|     9.530 

0.577 

W 

•Mu;y  Tarisox,  Student. 


November  7.     Comet  very  faint. 
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Mean    Places  of  Comparison- Stars  for   Beginning  of  tht     Year. 


* 

a 

Red.  i" 
app.  place 

s 

Red.  i" 
app.  place 

Authority 

1 

i 
1 

53.31 

+  ;;  ;>7   18.4 

1  26.4 

I-       Ubauj    LG.Catal.  17:; 

.. 

1 

:;i 

24.10 

+3.68 

+  :;  51    19.7 

+26.5 

465 

3 

1 

33 

30  76 

+3.72 

+  :;  :;.-.  21.6 

+26.6 

ICO 

1 

1 

:;l 

5.86 

+  i'  7.7,  23.4 

+27.0 

Micr. couip.  with  I'mss,  Albany  A. G.  Catal.  Ill 

5 

1 

25 

15.06 

•  3.83 

+    1     6  58.4 

+  1-7.2 

Boss,  Albany  AG.  Catal.  117 

6 

1 

•  ' 

20.2:; 

+  1.01' 

-  3  is   17. s 

+25.7 

\|  icr.  comp.  with  Schj.  379 

7 

1 

53 

8.27 

t  5.04 

+25  38   16.8 

+  15.6 

\\  eisse's  Bessel  IV,  11  12 

8 

1 

to 

Ml  1 

+5.12 

+25   is     0.3 

+  10.7 

.<        ..      ggs 

9 

5 

28 

19.48 

-1  5.23 

+  18    :;  1. ■;..-. 

+  11.7 

Vienna  Zones,  1 860 

10 

7 

1  1 

•J  I.:,:: 

+2.13 

+  11    l'l    7,(1.7, 

•    3.3 

Weisse's  Bessel  VII,  357 

11 

s 

30 

7.(1.11' 

+  2.52 

+24    I'.t   19.9 

+  ::.<; 

Becker,  Berlin  AG.  Catal.  3447 

12 

1(1 

30 

28.66 

+2.64 

+20     ::  29.3 

Id.7, 

«          1062 

13 

1(1 

■j- 

26.88 

+2.66 

+20    6     1.3 

'.1.7, 

a          u        »         ..      4048 

1  1 

13 

W 

12.07 

+2.73 

+16  36   1  I.e. 

-18.0 

WCissr's  Bessel  Mil.  son 

L5 

1.-, 

111 

8.65 

+2.61 

+  :;   ic  22.8 

17.7 

Boss,  Albany  A<  7  1  latal.  K',71 

L6 

1 

20 

28.53 

1  78 

+68    :;    4.7 

-  0.6 

Fearnley,  Christiania  AG.Catal.269 

17 

1 

1  ! 

20.00 

-1.82 

+68   11   28.6 

-    1.2 

«                     «                 ..           «          250 

is 

I'd 

13 

34.67 

+2.28 

+21  14  44.0 

+  17.7 

Becker,  Berlin  A.  G.  Catal.  7608 

ELEMENTS   AND    EPHEMERIS   OF   COMET/'  1896  (pmbbine), 

By  C.  I).   I'EIiKIXE. 

The  time  of  my  observation  of  Nov.  '■'<.  as  telegraphed,  is 
slightly  in  error,  owing  to  an  error  of  mine  in  converting 
tn  the  decimal  of  a  day. 

Ephemeris   fob  Greenwich  Mean  Midnight. 


11:.-  Eollowing  elements  are  derived  from  my  observations 
.  ember  2,  6  ami  LI.  ■ 

T  =   1897  Feb.  8.15286 

w  =  172    37'  36"  ) 

Q,  =     so  28     o      L896.0 


/  =   L46     8    12    ) 
logy   =     0.024318 
Residuals  for  middle  place  (0  — C), 

Ix  cos/3  -    -4".0     ;       Ift  =    -1".0 

Constants  fob  the  Equatob  or  1896.0. 

.,•  =  r[9.91969]  sin(176c  52'  11"  +  ,-) 

y  =   r[9.97966]  sin (278   58    17    I  ■ 

z  =   r[9.80026]  siiMi'11    :;7     6  +v) 

The  elements  involving  the  time  of   perihelion  passage 

and  distance  must  Kc  considered    a-  somewhat  uncertain 

068i  rmtory,  1  -s'.t  ■  Nov.  16. 


1896 

App.  a 

AiM,  8 

logr 

log  A 

Br. 

Nov.  23.5 

10   7,7   20 

+  10   20.1 

0.2092 

0.2424 

1.00 

27,.  7, 

50     0 

0   J7.S 

27.7, 

55     i 

s  L2.2 

0.1970 

0.2543 

1.00 

20.7, 

7,1      3 

7     s.o 

Dec.     1.7, 

53  11 

c,    s.o 

0.1847 

0.2655 

1     (HI 

:;..", 

7,2   20 

7,    o.:; 

7,.7, 

51  46 

1   lis 

0.1722 

O.270O 

O.00 

7.7, 

7,1    12 

:;   L8.2 

0.7, 

7,o  42 

2  25.4 

0.17,00 

0.2856 

O.0S 

11.5 

7,0   10 

1   34.4 

l.",.7, 

10    10  7,1 

+ 

o   14.9 

o.l  170 

0.2941 

0.96 

Tin-  brightness  at  discovers  is  taken  as  unity. 


OBSERVATIONS   OF   COMET61896    (swift}, 

MADE    AT    llli:    1,1    IM.  I.\     OBSEEA    \|nl;Y,    A.LBANT, 

By   ARTHUR  J.   ROY. 


iiy  M.T. 


In      7    .',  1 
]o      lo   21    38 


13 


Comp. 


la 


i8 


''s  apparent 


log  p& 
for  a       |     f or  8 


10 


0  23.68 
0    U.87 


+  2     3.2 
-2    20.7 


22  55     8.08 
22  12  32.41 


-72  7o   L6.4 
-72    to  27.:; 


«o.l  is 
„o.l.V.I 


0.000 

0.459 
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Mean   Places  for  IS96.0  of  Comparison- Stars. 


* 

a 

lii-il   i" 

app.  place 

5                                I.V.I.   tO                                                                 .     „ 

S                    app.  place                                          Authority 

13 

14 
15 
16 

ll            Ml           S 

22  55  31.97 
22  59     7.1)2 
22  23  13.65 

22  22  29.65 

-0.21 

+6.63 

+  72  48  23.7 
+  72  47  58.1 
+  72  48     7.9 
+  72  53  16.6 

-li).."i 
L0.9 

Anon  1  2".      From  comparison  \\  ii  li  ^  11 
Argelander's  Northern  Zones  25078 
Aiicm  L0M.5.     From  comparison  with  %  16 
Argelander's  Northern  Zones  24105 

Ja  measured  micrometrically.     Very  faint. 


FINDING   EPHEMERIS   OF   COMET  c  1896  (1889  V), 

(Continued  from  Astronomical  Journal,  no.  3X11), 
By  CHARLES  LANE  POOR, 
log  A 
0.22060 


0.23200 
0.24330 
0.25446 
0.26546 
0.27631 
0.28701 
0.29751 


Greenw.  M.T. 

App.  a 

ipp.  8 

1896  Dec.    2.5 

23     2  38.8 

-(•> 

39  54 

4.5 

5  42.4 

-6 

13  30 

6.5 

8  48.8 

-5 

16  54 

8.5 

11  58.3 

-5 

20     6 

10.5 

15  10.1 

-4 

53    5 

12.5 

18  25.0 

-4 

25  53 

14.5 

21  41.9 

-3 

58  33 

16.5 

25     1.0 

—  3 

31     3 

18.5 

28  22.6 

— :! 

3  24 

20.5 

31  46.2 

2 

35  40 

22.5 

35  11.4 

o 

7  45 

24.5 

38  38.4 

-1 

39  47 

26.5 

42     7.6 

-1 

11  41 

28.5 

45  38.3 

-0 

43  31 

30.5 

49  10.5 

-0 

15  20 

1897  Jan.     1.5 

23  52  44.6 

+  0 

12  58 

i  ireeim .  M.T. 

App.  a 

App.  8 

log  A 

597  Jan.     3.5 

23 

56  20.1 

+  0    11    24 

0.30790 

5.5 

23 

59  57.1 

+  1      9  46 

7.5 

0 

3  35.4 

+  1  38  12 

0.31809 

9.5 

7  15.0 

+  2     6  38 

11.5 

in  55.9 

+2  35     0 

0.32809 

13.5 

1 1  37.9 

+  3     3  2  1 

15.5 

18   20.6 

+  3  31   48 

0.33789 

17.5 

(I 

21  55.7 

+  4     0     6 

At  the  time  of  the  last  published  observation  in  Septem 
ber  the  corrections  to  the  above  ephemeris  were  extremely 

small.  Although  the  comet  is  very  faint,  I  hope  thai  man} 
observations  will  be  obtained,  and  that  the  results  will 
be  published  as  soon  as  possible  after  the  series  is  fin- 
ished. 


OBSERVATIONS   OF   COMET/ 1896, 

MADE    AT   THE    LICK    OBSERVATORY    WITH    THE    ll'-INc  II    EQUATORIAL, 

By  C.  D.  PERRINE. 


1896  Mt.  Hamilton  M.T. 

* 

No. 

#- 

-* 

e^'s  apparent 

log  /'A 

/a 

a 

6 

for  a      |     for  8 

h        in       8 

Nov.    5     8     4  56 

4 

di  0  .  8 

-o"'2."V.2 

-1  45.2 

20  16  33.37 

+  22  4  ' 

9.540 

0.468 

6     8  26     4 

5 

dlO  .  8 

+  o  35.08 

+  2  48.7 

20  1  1  56.47 

+  21   56  23.1 

9.585 

0.511 

11     7  40  24 

6 

dlO  ,  9 

+  0  24.38 

+  6     0.2 

20     8     5.27 

+  18     9  51.0 

9.543 

0.548 

12     8     1  54 

7 

dlO  ,  8 

+  0     1.87 

+  1  30.9 

20     6  52.79 

+  17  25  54.3 

9.585 

0.579 

13     9  47  59 

9 

</10  ,  9 

-0     5.09 

-6  33.0 

20     5  40.48 

+  16  40  18.5 

9.683 

0.676 

Mean  Places  for   1896.0  of  Comparison-Stars. 

Red.  ti> 

* 

a 

app.  place 

8 

app.  place 

Authority 

4 

20h16'"54'71 

+  2?28 

+22  46  24.0 

+  18.6 

Becker,  Berlin  A.G.  Catal.  7656 

5 

20  14  19.11 

+  2.28 

+21  5:;  16.3 

+  1S.1 

Becker,  Berlin  A.G.  <  !atal.  7631 

6 

20     7  38.59 

+2.30 

+  1S     3  34.8 

+16.0 

Auwts.  Berlin  AG.  Catal.  solo 

7 

20     6  48.62 

+2.30 

+  17  24     7.7 

+  15.7 

\|  icrometer-comparison  with  >(cs 

S 

20     9  23.39 

+  2.:H 

+  17  29     0.9 

+  16.0 

Aimers.  Berlin  A.<i.  Catal.  804  1 

9 

20     5  43.28 

+  2.20 

+  16   16  36.3 

+15.2 

Micrometer-comparison  with  =^10 

10 

20     5  34.81 

+2.29 

+  10  50  28.4 

+  15.2 

Ameers.  Berlin  A.G.  Catal.  70s: 

il.     Ja  measured  directly  with  the  micrometer. 
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THE  tfOVEMBEE 

B\    E.    i  - 

Preparations  were  made  to  observe  the  Leonids,  l>ut  :i 

oloudy  sky  limited  the  time  of  observation  □  hour 

in  the  morning.      \t  L6*  the  clouds  began  breaking,  and  by 

I  r,  20™  the  sky  was  very  clear,  and  SO  remained  lor  nearh 
>>ne  hour,  after  which  it  again  clouded  up,  with  onlj  the 
brighter  stars  visible. 

From   I6h  20™  to   17'  L5m,  eighteen   meteors  were  seen; 
fifteen  of  these  were   Leonids.     Two  of  these  were  of  the 

first  magnitude.     With  two  or  thr xceptions,  the  others 

were  of  the  fifth  and  sixth  magnitude.     The  bright  ones 

rery  white,  and  left    rather  persistent    trains   of  a 

greenish   white.      The   radiant    was   well    marked.      At    the 

of  iIm'  observations,  an  imaginary  circle  three  or  tour 

es  in  diameter  was  drawn  on  the  sky,  the  center  of 

which   was  estimated  to  have    been    the   radiant.      Taking 

this  point  from  the  chart  it  gave, 


LEONIDS  OF   1896, 


Radiant      «„    =    150° 


8  =   1'7°. 


Charting  seven  ot  the  observed  paths  the  apparent  radi- 
ant was  found  to  be  at 


1  19  .5 


8  =  +: 


The  intersections  all  fell  within  a  circle  about  2°  in 
diameter.  The  radiant  was  therefore  close  to  the  above 
position. 

In  a  table  of  meteor-radiants  in  the  new  edition  id' 
Webb's  Celestial  Objects,  Vol.  1,  Mr.  Denning  gives  the 
radiant   for  thr   Leonids  as 


ir>o° 


8  =  +; 


at  y  Leonis. 

The  radiant  was  certainly  5°  north  of  this  point  in  the 
observations  of  the  present  year. 

Williams  Bay,  1896  Nov.  14. 


OBSERVATK  >XS   OF   ( '<  >MET/  189G  {pebbine), 

MADE     AT    THE     D.S.     8  WAI.    OBSERVATORY     WITH    THE    20-INCTI     l-:i;l    U'oKIAl., 

By  Pbof.  STIMSON  J.  BROWN. 
[Communicated  by  Prof.  Wm.  II  lrkness,  I'.s.X.,  Astronomical  Director.] 


1896  Washington  M.T.         * 

i 

Xo. 

('(imp. 

Aa. 

* 

^'s  apparent 
a                        8 

log 
for  a 

.A 
for  8 

~                                b       ni 

Nov.  6      8  37.6 
9      8     0.4 

1 
2 

1   .  8 

1  .  s 

+0™  2.1% 

-0  13.89 

—0  18.75 
+  5  33.35 

b       in      s 

20  15     7.65 
20  10  47.89 

+  22    l  56.8 
+  19  45  21.8 

9.5941 

9.55:  !7 

0.5494 

(1.55X0 

Mi 'in    Places  for  1S9G.0  of  Comparison- Stars. 

* 

a 

Red.  to 
app.  place 

.     8 

lied,  to 

app.  place 

Authority 

T 
2 

h       ni      8 

20   T.     7.76 
20  10  59.48 

+  2.28 

+  l\:;n 

+22  11    13.3 
+  19  39  31.4 

+18.3 

+  17.05 

Becker,  Berlin  A.G.  Catal.  7637 
Auwers,  Berlin  A.G.  Catal.  8063 

C  0  X  T  E  N  T  S  . 
Benjamin  Apthobp  Gould. 
The  November  Leonids,  1896,  n\   Mr.  Edwin  F.  Sawyeb. 

Mii  BOMETBICAL    Ml    \-i   RES    01     I*.  TO   (leilll  CHI,    BY    I'lliiF.    F.    P.    LEAVENWORTH. 

Observations  01   the  Leonid  Meteoi:s  01    ism;,   m    Prof.  G.  C  Comstock  and  Mr.  A.  S.  Flint. 

■  -   \m.  i-:  i  •  1 1 1  m  i  ki-  oi    ( 'o mi.  i  j  lx'.iti  i  I'i.i:i:i  \  l).  by  Prof.  W.  J.  Hussei    am.  Mb.  C.  I).  Pebrine. 
Elements  and  Ephemebis  oi    Comet/ 1896  (Pebbine),  v.\   Mb.  F.  H.  Seares. 
Discovebi  ■■!    mi.  Companion  to  I'm.,  von.  by  Pbof.  J.  M.  Schaeberle. 

Observations  of  Minor  Planets   \\i>  Com)  cs,  bi    Pbof.  Mary   W.  Whitney  and  Miss  Caroline  E.   Ftjrness. 
Hi. emi  inn.i.b  "i    (  omei/  1S90  (Pekrink),   i:v  Mr.  (.'.  I).  PEBRINE. 

Observations  oj    I  omi  i  b  I89i  bi   Mr.  Arthur  J.  Rot, 

Finding  Ephemej.i-  or  Cum i.t  •■  isiiiwissn  vj,  m    Hu.  <  iiakles  Lani    Poor. 
Observations  of  Comet/1896,  by  Mb.  •'.  D.   Pebbine. 
'I'm.  November  Leonids  oi    1896,  bi    Pbof.  E.  E.  Babnabd. 
Observations  01   Comet/  1896  (Pebbine),  by  Prof.  Stimson  J.  Bbown. 


PUULI8HKD  l.N  B09TON,  T  It  I 


of  Thos.  P.  Nichols.  Lynn,  Mask. 
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ON   THE   SOLAR   MOTION   AS  A   GAUGE   OF   STELLAR  DISTANCES, 

By  SIMON  NEWCOMB. 

FlEST    PAl'KK. 


Tn  making'  some  studies  preparatory  to  a  redetermination 
of  the  precessional  constant,  I  have  been  led  to  results  so 
suggestive  of  the  possibility  of  important  inferences  from 
a  new  method  of  treating  the  proper  motions  of  the  stars, 
that  an  exposition  of  the  case  seems  of  interest.  In  deter- 
mining the  constant  of  precession,  two  inherent  sources  of 
doubt  and  embarrassment  are  found  in  the  facts  that  the 
proper  motions  of  the  stars  are  not  distributed  in  magni- 
tude according  to  the  the  normal  law  of  error,  and  that  the 
effect  of  the  parallactic  motion  cannot  be  completely  sepa- 
rated from  the  proper  motion  peculiar  to  each  star.  In 
Ludwig  Struve's  very  thorough  investigation  of  the  pre- 
cession, the  distances  of  the  stars  are  assumed  to  be,  in 
the  general  mean,  a  function  of  the  magnitude,  those  of 
each  order  of  magnitude  being  distant  nearly  one-half  far- 
ther than  those  of  the  preceding  order.  This  hypothesis 
seems  very  doubtful,  especially  in  view  of  Stumpe's  recent 
investigation  of  the  solar  motion,  which  seems  to  show  that 
this  motion,  measured  in  angular  distance  as  seen  from  the 
stars,  differs  but  little  for  stars  of  different  orders  of  mag- 
nitude. If  accepted  to  its  fullest  extent,  the  conclusion 
would  be  that,  in  the  general  mean,  the  stars  of  the  differ- 
ent magnitudes  have  nearly  the  same  parallax.  Although 
this  conclusion  cannot  be  accepted,  Stumpe's  work  makes 
it  seem  very  likely  that  the  differences  in  the  mean  parallax 
of  bright  and  faint  stars  may  be  less  than  is  commonly 
supposed. 

Under  these  circumstances  I  set  out  to  make  a  classifica- 


contained  in  Auwcrs.-Bradley,  arranged  in  four  groups,  ac- 
cording to  the  magnitude  of  the  star.  The  individual  proper 
motions  in  declination  for  each  group,  contained  between 
given  equi-distant  limits,  were  enumerated.  The  result  is 
shown  in  the  following  table: 

The  first  column  gives  the  limits  of  the  centennial  proper 
motion  within  which  the  count  was  made.  These  limits 
comprise  each  second  of  arc  from  —15"  to  +12".  All 
proper  motions  outside  these  limits  were  grouped  together 
in  the  count. 

The  second  column  gives  the  number  of  proper  motions 
contained  between  these  limits  for  stars  ranging  from  mag- 
nitude 1  to  magnitude  3.4,  which  form  Group  I.  I  have 
accepted  the  magnitudes  given  in  the  original  catalogue, 
as  no  material  change  will  be  made  by  seeking  for  the  latest 
photometric  result  in  the  case  of  each  star. 

The  next  three  columns  give  the  corresponding  quantities 
for  Groups  II,  III  and  IV.  It  will  be  seen  that  the  limits 
of  magnitude  for  the  several  groups  are  as  follows  :  — 

Group 


I, 

Mag.    1    to  3.4 

IT, 

"     3.5  to  4.9 

III, 

"     5.0  to  5.9 

IV, 

"     6.0  and  over 

The  next  column  contains  the  sum  for  all  four  groups, 
and  therefore  shows,  in  the  case  of  the  stars  of  Bradley's 
catalogue,  the  number  of  proper  motions  in  declination 
contained  between  each  pair  of  limits  given  in  the  first 
column.* 


.  tion   of   the   proper  motions  in  declination   of   the   stars 
Table    Showing   the   Distribution  of  Atjweks's   Centennial  Proper  Motions   in  Declination,  According   k 
Magnitude,  with  Probable  Distributions  According  to  the  Normal  Law  of  Error. 


Limits 

Group  I 

l'"to3"'.4 

Actual  Distribt 
Group  II     Group  III 
3">.S  t.i  I"1.'.!  .V"  to  5m.9 

ition 
Group  IV 

IV". 0  + 

Total 

p.e.  = 
No. 

Probable  D 

±2  ".53 
Excess 

stribution 
p.e.  = 
No. 

±1".50 
Excess 

—  oo  and  —15 
-15    »     -14 
-14    «     -13 
-13    «     -12 

24 
3 

.'! 
1 

52              50 
2                3 

1  8 

2  4 

49 

9 

12 

175 
15 
21 
19 

0 
0 

1 
2 

17.-. 
15 
20 
17 

0 

0 

II 

0 

17.-. 
15 
21 
19 

*  I  remark  that  the  sum  total  of  proper  motions  exceeds  the  number  of  stars  in  the  catalogue  by  9.  This  seems  to  have  arisen  from 
my  enumerator  having  made  the  error  of  counting  separately  the  two  rallies  given  by  A.UWEBS  for  the  proper  motions  of  stars  near 
the  pole.  (4)) 
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Actual  1  listribution 

Probable  Distribution 

Limits 

Group  11 

Group  111 

Group  IV 

Total 

p.e.    - 

2  .58 

p.e.  = 

'  L».50 

l"'to3"\4 

3"'.5to4">.9 

5"'  to  5"\9 

li".  i)  f 

No. 

1  \. 

No. 

Excess 

-12  and  -11 

2 

I 

6 

9 

21 

."> 

1(1 

II 

21 

-11     ••        LO 

4 

8 

11 

16 

39 

11 

28 

II 

39 

-in    ••    -  9 

•_• 

6 

7 

25 

in 

21 

19 

II 

10 

-  9    ••    -  8 

4 

6 

11' 

21 

13 

36 

■ 

0 

13 

-  8    ••    -   7 

6 

9 

20 

L6 

61 

62 

-11 

2 

49 

-   7    ••    -  6 

6 

13 

32 

34 

85 

98 

-13 

11 

74 

-  6    ••     -  5 

l 

1  1 

26 

5  1 

98 

1  i:; 

-45 

32 

66 

_  5    "    -  4 

3 

21 

35 

72 

L31 

197 

-66 

80 

51 

_  4    ••     -  3 

L9 

32 

mi 

L29 

240 

251 

-11 

1 58 

82 

-  3    ••     -  2 

i.-> 

35 

79 

1  17 

276 

299 

-23 

27.7 

19 

-  2    ••    -    1 

it; 

60 

1(17 

LSI 

357 

332 

25 

344 

13 

_    1     ••          (i 

•>.< 

71 

121 

211 

425 

342 

83 

:;7  7 

48 

0    «    +  ] 

21 

30 

98 

L92 

341 

330 

11 

341 

ii 

+    1     ••     +2 

19 

30 

72 

158 

279 

297 

-18 

249 

30 

+  2    «    +  3 

12 

32 

51 

92 

187 

248 

61 

L53 

34 

+  3    ••    +   4 

8 

22 

29 

IS 

1U7 

L93 

—86 

77) 

32 

+  4    ••    +   5 

3 

16 

19 

32 

7(1 

140 

-70 

31 

39 

+  5    ••    +  6 

5 

4 

17 

20 

46 

94 

-48 

11 

35 

+  6    •••    +  7 

o 

1 

9 

11 

26 

62 

—36 

2 

24 

+   7    "    +  8 

2 

6 

3 

11 

22 

35 

-13 

(i 

22 

+   s    ••     +  9 

1 

6 

4 

in 

21 

19 

2 

n 

21 

+  9    ••    +lo 

2 

0 

8 

3 

13 

9 

1 

ii 

13 

+  10    ••    +11 

ii 

2 

4 

5 

11 

4 

7 

ii 

11 

+  11    «     +12 

(i 

2 

4 

1 

7 

o 

r> 

0 

7 

+  12    »        co 

12 

18 

20 

15 

65 

1 

04 

ii 

65 

Sums 

221 

495 

919 

1596 

3231 

3234 

2123 

1  1 1  IS 

l'.\  laying  down  the  several  equi-distant  values  of  the 
proper  motions  as  abscissa  we  may.  by  the  add  of  these 
i  s.  construct  a  curve,  showing  the  law  of  distribution 
of  the  numbers  in  magnitude.  This  curve  deviates  from 
the  normal  curve  of  error  In  several  important  features. 
each  of  which  admits  of  a  physical  explanation.  To 
Understand  these  features  we  must  consider  the  elements 
which  determine  the  curve.  Wehave  in  the  proper  motions 
i  D  and   enumerated,  firstly  the  effect  of  the  probable 

error  in  the  determination  itself.     In  view  of  the  fact  that, 

in  the  case  of  each  individual  star,  we  have  both  the  error 
of  the  Bradley  determination,  and  the  modern  error  com- 
bined, the  conclusion  seems  unavoidable  that  the  prohahle 
error  may  be  a  considerable  fraction  of  a  second.  In  the 
next  place  we  have  dispersion  produced  bj   the  different 

effects  of  the  solar  motion  in  different  parts  Of  the  sphere 
and  at  different  distances.       From  the  usualU  accepted  value 

ntity,  especially  that  found  by  Stbi  vk  for  stars 
sixth  magnitude,  it  would  seem  that  the  range  of  the 
dispersion  thus  produced  must,  in  the  case  of  at  least   half 
to  2  '.     We  have  in  the  third  place  I  he 
proper  motions  of  the  stars  themselves.     The  num- 
bers of  the  tabli    axe  made  ap  of  the  combined  effect  of 
these  three  causes  of  dispersion.     To  make  the  features 
clear  I  give  two  columns  of  probable  normal  distribution. 
ling  that  the  dispersion  should   follow  the  normal  law 
oi  enor.     In  the  imns  a  probable  error  or 


dispersion  from  all  causes  amounting  to  2".53  is  assumed, 
and  the  dispersion  of  the  actual  number  of  stars  is  given 
in  the  adjoining  column.  Comparing  this  with  the  actual 
numbers,  it  will  be  seen  that  the  latter  are  greatly  in  excess, 
both  at  the  central  point  and  the  two  extremes.  A  com- 
parison of  the  numbers  of  ovdinates  through  the  table 
shows  the  following  features  :  — 

I.  The  central  point  of  the  table,  or  the  limits  which 
contain  the  greatest  number  of  proper  motions,  are  not  at 
the  zero  of  proper  motion,  but,  between  II". II  and  — 1".0. 
The  maximum  seems  to  occur  about  — 0".5.  This  is  readily 
accounted  for  by  the  effect  of  the  solar  motion. 

TI.  The  second  feature  is  the  rapid  falling  off  in  the 
numbers  on  each  side  of  the  maximum  point.  The  con- 
clusion indicated  by  this  feature  of  the  curve  will  be  shown 

presently. 

111.  The  third  feature  is  the  asymmetry  of  the  curve. 
The  numbers  do  not  fall  off  with  equal  rapidity  on  each 
side  of  the  central  point,  but  with  much  more  rapidity  on 
the  positive  than  on  the  negative  side.  This  is  especially 
seen     ill    the    respective    numbers    which   surpass  the    t  w  o 

limits  to  which  the  count  was  extended.  Although  this 
limit,  on  the  negative  side,  is  2" farther  from  the  central 

or  maximum  point  than  on  the  positive  side,  there  are  175 
proper  mot  ions  outside  of  it,  against  65  outside  id'  the  posi- 
tive  limit.     Moreover,  the  asymmetry    commences  almost 

from  the  center  id'   the  curve. 
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The  explanation  is  to  be  found  in  the  unequal  distances 
of  the  .stars,  and  the  consequent  unequal  effect  of  the  solar 
motion  upon  their  proper  motions.  Assuming  that,  in  the 
general  mean,  the  actual  proper  motions  are  equally  dis- 
tributed in  the  positive  and  negative  direction,  then,  by 
grouping  together  equal  numbers  of  stars  having  the  largest 
negative  and  the  largest  positive  motions  ;  an  equal  number 
having  the  next  largest  negative  and  the  next  largest  posi- 
tive motions,  etc.,  we  may  assume  thai  the  mean  values  of 
these  quantities  show  the  effect  of  the  solar  motion  upon 
the  several  groups,  which  will  be  proportional  to  the  mean 
parallax  of  the  stars  of  each  pair  of  groups. 

We  now  return  to  the  second  feature  of  the  curve,  which 
expresses  a  curious  bunching  of  the  proper  motions  between 
the  limits  0".0  and  — 1".0.  This  bunching  is  shown  in 
each  of  the  columns  "Excess."  In  the  first  column  there 
is  an  excess  of  83  proper  motions  within  these  limits  against 
11  and  25  for  the  limits  on  each  side.  In  consequence  of 
this  I  have  made  a  second  table,  showing  the  hypothetical 
distribution  of  2,123  quantities  with  a  probable  error  ±  1".5. 
We  now  have  an  excess  of  48  proper  motions  between  the 
central  limits  against  only  1.3  between  the  adjoining  limits 
on  the  negative  side  and  no  excess  at  all  in  the  adjoining 
number  on  the  positive  side.  Indeed,  we  cannot  represent 
the  central  portion  of  the  curve  except  by  supposing  a  prob- 
able error  of  about  1".  But  this  is  scarcely  greater  than 
the  combined  effect  of  the  differences  of  parallactic  motion 
in  different  parts  of  the  hemisphere  and  the  probable  errors 
of  the  determination. 

Unless  this  is  a  result  of  chance  accumulation,  it  would 
indicate  that  there  are  a  large  number  of  stars,  perhaps 
one-third  of  the  whole,  which  have  no  appreciable  proper 
motion  except  that  due  to  the  motion  of  the  Sun.  But  I 
shall  defer  this  subject  until  my  next  paper,  which  will 
contain  a  more  complete  investigation  of  this  feature. 

Let  us  now  examine  the  conclusions  to  be  drawn  from 
the  features  already  mentioned.  It  will  be  well  to  begin 
with  a  clear  statement  of  the  hypotheses  on  which  we  pro- 
ceed. These  hypotheses  are  not  to  be  accepted  as  absolute 
truths,  but  as  more  or  less  probable  approximations  to  the 
truth,  to  be  tested  by  the  consistency  of  the  results  to  which 
they  lead,  and  by  their  agreement  with  observation,  and  to 
be  modified,  if  necessary.     They  are  as  follows  : 

I.  That  if  we  consider  two  great  classes  of  stars  A  and 
B,  scattered  through  the  celestial  spaces,  the  center  of 
gravity  of  the  two  classes  will,  in  the  general  mean,  be  at 
rest  relatively  to  each  other.  When  the  two  classes  are 
distinguished  only  by  the  apparent  magnitude  of  the  indi- 
vidual stars  composing  them,  this  hypothesis  seems  a  safe 
one. 

II.  That  in  any  two  such  classes  the  mean  scattering 
or  dispersion  of  the  absolute  proper  motions  will  be  equal. 
We  may  take  as  the  measure  of  the  dispersion  the  square 


root  of  the  sum  cil'  the  squares  of  all  the  proper  motions  of 
tin'  stars  "I'  each  class.  Rut  there  are  other  such  measures 
which  may  be  yet,  better,  because  the  influence  of  i 
ordinarily  large  proper  motions  might  be  too  great  when 
this  measure  was  adopted.  We  mighl  take  t  he  limits  with- 
in which  \,  -;,  or  any  other  fraction  of  the  proper  motions 
arc  found  In  In-  contained  as  the  measure  of  the  dispersion. 

There  is  a  possibility  that,  in  the  general  mean,  the  abso- 
lute proper  motions  of  stars  of  one  order  arc  systemati- 
cally different  from  those  of  another  order.  This,  however, 
does  not  seem  likely. 

III.  That  the  proper  motions  are  as  likely  to  be  in  one 
direction  as  in  another.  This  hypothesis  follows  almost 
necessarily  from  the  first. 

Let  us  now  consider  the  stars  of  our  several  classes, 
I-IV.  In  the  case  of  each  class  the  mean  apparent  proper 
motion  of  all  the  stars  in  the  class  in  any  one  absolute 
direction  in  space  will  be  due  to  the  solar  motion.  Hence, 
it  will  be  proportional  to  the  mean  parallax  of  all  the  stars 
of  the  class.  The  dispersion  will  also  be  in  the  same  pro- 
portion. Thus  we  may  obtain  two  independent  though 
rather  rude  estimates  of  the  ratio  of  the  mean  parallaxes 
of  the  separate  classes. 

By  hypothesis  I,  the  mean  apparent  proper  motion  d 
each  group  must  be  the  mean  parallactic  motion.  The 
theory  of  probabilities  shows  that  in  a  case  like  the  present, 
where  there  is  a  large  deviation  from  the  normal  law  of 
error,  the  mean  values  should  be  determined  mainly  from 
the  quantities  near  the  center  or  mean  of  the  series.  A 
difficulty  arises  in  the  present  case  from  the  asymmetry  of 
the  curve  on  the  two  sides  of  the  center,  which  I  have 
already  described  and  explained.  But  any  error  thus  aris- 
ing will  affect  all  the  results  in  about  the  same  proportion, 
so  that  the  successive  ratios  will  be  but  slightly  altered, 
whether  we  take  one  set  of  limits  or  another.  I  have 
therefore  taken  means  between  those  positive  and  negative 
limits  where,  by  the  probable  error  indicated  by  the  central 
parts  of  the  curve,  the  number  of  proper  motions  should  be 
much  smaller  than  that  actually  found.  For  these  limits  I 
have  taken 

Group      I,     —15  to  +11  (counting  all  without  these  limits 
as  if  on  them) 
»         II,      -12  to   +10  only 
"       III,     -10  to   +   8    " 
"       IV,     -   8  to   +   7    " 

A  more  rigorous  mode  of  proceeding  would  have  bi 
assign  a  graduated  series  of  weights,  converging  to  zero  at 
the  two  limits.  The  effect  of  this  course  would  have  been 
to  slightly  increase  the  negative  values  of  the  quantities, 
but  their  relative  values,  with  which  alone  we  are  con- 
cerned, would  not  have  been  materially  changed.  The 
mean  proper  motions  thus  found  for  the  four  groups  arc  as 
follow  s  : 


II 
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(6) 

Group      1.  u=-2!45  -3*05  S({)  =  26  S(f)       17" 

II.  -l.li)  -1.70                •-'"  12.6 

•■       111.  -1.01  -1.6]                 II  10.6 

IV.  -0.77  -1.:;7                 11.5  8.2 

Column  a  gives  the  means  of  the  propei  motions  as 
actually  found ;  column  b  as  corrected,  with  the  approxi- 
mate  mean    correction    necessary   to    reduce   the   proper 

motions  in  declination  of  the  A. (I.e.  to  a  new  33  stem  which 
1  have  recently  constructed.  The  mean  amount  of  this 
correction  is  about  — 0".60. 

We  next  investigate  the  amount  of  dispersion  of  the 
proper  motions.  1  have  made  two  estimates  of  this  by 
finding  the  difference  of  the  limits,  in  the  case  of  each 
group,  which  will  contain   jj   and   |  of  the  proper  motions 

//,  -h  //;   =    191      1.86     1.61  -Mean 

//.,  -1-  nt  =  1.06  1.43  1.19 
II  ^r  II,  =  1.00  1.00  1.00 
//_  -1.  //.  —  0.95  o.OO  0.77 
The  general  conclusion  which  we  draw  from  the  preced- 
ing investigation  is  that  the  effect  of  the  solar  motion 
diminishes  less  rapidly  with  the  stars  of  fainter  magnitude 
than  has  been  supposed.  Of  this  there  is  independent  con- 
firmation from  two  sources.  In  papers  in  the  Astronomical 
Journal,  Volume  IX.  Professor  Boss  has  shown  that  the 
parallactic  motion  is  quite  appreciable  in  the  stars  of 
Lalande  and  of  the  Argelander  zones.  Quite  recently  I 
have  unexpectedly  stumbled  upon  a  confirmation  of  this 
view,  which  practically  illustrates  the  precision  of  the 
results  which  we  may  obtain  from  the  rigorous  modern 
method  of  planning  and  reducing  observations  of  the  stars. 
In  continuance  of  the  investigation  upon  the  relation  be- 
tween the  magnitude  of  the  star  and  the  personal  equation 
of  the  observer  who  notes  its  right-ascension,  I  have  had 
to  make  a  comparison  between  the  two  Berlin  zones  ob- 
,  by  A 1  wers  and  by  Becker.*  These  zones  have  in 
common  230  stars  of  magnitude  S.O  and  upwards,  lying 
bo  the  parallel  of  +20°  declination,  which  forms  the 
boundary  between  the  zones.  The  mean  difference,  B  — A, 
was  taken  for  each  octant,  the  01  tanl  being  chosen  so  that 
their  middle  points  tell  upon  0h,  3h,  etc.,  of  R.A.  The  re- 
sults were  as  follow  - : 


No.  of 

B 

—  A 

R.A. 

Ju 

J8 

O 

24 

-0.006 

-1.10 

:; 

1.-. 

+  .ol-:; 

-0.49 

0 

44 

+  .009 

-0.55 

9 

30 

-     .029 

-11.70 

11' 

l:; 

-  .051 

-0.78 

1.-. 

•  »- 

-  .in:. 

-11.01 

18 

1.". 

-  .(HI 

-0.77 

21 

34 

-O.I  10.-, 

-1.10 

respectively.     The  results  are  those  given  above  as  S($)  ami 

S(t). 

Taking  the  parallax  of  Group  111  as  unity,  we  have  the 
following  three  sets  of  values  of  the  relative  mean  parallax, 

of  which  the  first  is  derived  from  the  proper  motions,  the 

second  from  the  limits  which  contain  §  of  the  BtarS,  and 
the  third  from  the  limits  which  contain  ,'  of  the  stars.  To 
these  results  1  have  given  the  respective  weights  4,  2  and 
1.     Tin-  logarithms  of  the  reciprocals  of  these  numbers  axe 

next  given,  and  after  each  the  magnitude  which  would  prob- 
ably correspond  to  the  mean  of  all  the  stars  of  the  group. 
It  will  be  seen  that  the  progression  of  the  logarithms  is  as 
good  as  we  could  expect,  ami  indicates  for  each  unit  in  the 
change  of  magnitude  an  increase  of  distance  in  the  ratio 
whose  logarithm  is  0.081,  or,  say  1.20. 

-   1.85  Log  =  0.267  Mag.  =  2.7 

1.18  11.071'  4.4 

l.iio  11. nun 

o.S7  -0.060  0.5 

As    both    zones    were    reduced    with    the    positions    of    the 

A.G.C.  the  periodic  difference  shown  by  the  right-ascension 
was  perplexing,  until  I  observed  thai  !'•>  ■  KBR's  observations 
were  made  ten  years  later  than  Adwers's,  and  thai  the 
periodic  term  might  be  explained  by  the  parallactic  mo- 
tion during  the  interval.  The  difference  in  right-ascension 
is  expressible  in  the  form, 

1a(B— A)   =    — 0".015  +  0'.027  cosa  +  0'.ol4  sina, 

which  shows  a  solar  motion  toward  a  point  in  the  celestial 
sphere  of  which  the  right-ascension  is  very  nearly 

A   =  297°, 

and  a  centennial  amount,  as  seen  from  the  mean  sphere  of 
stars  of  the  ninth  magnitude,  of  4".6. 

The  constant  term  — 0".015  of  the  difference  is  about 
what  we  should  expect  from  the  error  of  Struve's  Preces- 
sional  Constant,  but  is  no  greater  than  what  might  be  the 
effect  of  personal  equation  between  the  observers. 

The  declinations  give 

zfS(B-A)   =    -0".81   -O'.06cos«  +  0".10  sin «. 

The  constant  term  0".81  is  not  readily  explained.  It 
would  indicate  a  centennial  parallactic  motion  in  declination 

amounting  to  N".1 .  which  is  far  out  of  the  question.  More- 
over, the  periodic  terms  in  declination  have  the  opposite 
sign  from  that  of  the  parallactic  motion.  They  are.  how- 
ever, uncertain  by  their  entire  amount. 

I  hope  soon,  in  a  second  paper,  to  treat  the  subject  more 
fully  by  a  modified  method. 


*I  had  worked  out  the  results  of  this  easy  comparison,  before  noticing  that  Auwers  had  made  a  similar  comparison  in  the  Intro- 
duction to  his  Catalogue. 
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ON  DIFFERENTIAL   REFRACTION    FOE   PHOTOGEAPHIC    MEASUEES, 

(Kr.ri.v    to    Mu.  HAROLD    JAGUliY,, 


It  is  really  rather  difficult  to  know  how  to  deal  with 
Air.  Harold  Jacob  v.  He  has  produced  a  set  of  erroneous 
differential  refraction  formulas,  the  errors  in  which  have 
been  patiently  and  repeatedly  pointed  out  by  Mr.  Dyson, 
and  yet  Mr.  Jacoby  seems  quite  unable  to  see  them.  Un- 
der ordinary  circumstances  one  might  be  content  to  let  him 
go  his  own  way,  hoping  that  time  or  some  accident  might 
reveal  to  him  what  a  plain  statement  apparently  cannot. 
But  unfortunately  he  has  been  placed  by  Dr.  Gill  in  a  po- 
sition of  some  importance,  having  been  invited  by  him  to 
collect  and  criticize  the  formulas  for  reduction  of  photo- 
graphic measures  on  stellar  plates  {Bull,  dn  Com.  Perm., 
Tome  III).  This  work  in  the  hands  of  a  competent  person 
would  have  been  most  valuable;  in  those  of  one  capable  of 
making  and  maintaining  a  mathematical  blunder  it  is  worse 
than  useless.  We  all  of  us  make  mistakes  at  times,  but  we 
can  generally  be  made  to  see  them.  I  don't  know  whether 
I  shall  below  put  the  matter  more  plainly  than  Mr.  Dyson 
has  done  for  Mr.  Jacoby  ;  but  I  hope  it  will  be  clear 
enough  to  warn  others  against  putting  faith  in  his  remarks 
or  criticisms.  This  may  sound  severe ;  but  the  harm  that 
may  be  done  by  an  incompetent  mathematician  is  so  great 
as  to  require  plain  speaking. 

In  the  Monthly  Notices  for  1893  November,  page  14,  I 
give  the  following  formulas  for  differential  refraction.  (I 
quote  from  this  page  to  avoid  a  small  side-issue.) 

di  =  p0\(i+x*)i+XYv\ 

where  A",  Y,  are  the  coordinates  of  the  zenith,  supposed  pro- 
jected through  the  center  of  the  object-glass  on  to  the  plate. 
Mr.  Jacoby  advances  the  formulas 

di  =  k'i  {(1+X2)-  FcotPj  +  k'v \XY-Xaot P \ 

dr]  =   k'i  \XY+XcotP\  +  k'v\l+  Y*\ 
where  P  is  the  North  Polar  Distance  of  the  center  of  the 
plate. 

Now,  there  is  one  conspicuous  difference  between  these 
sets  of  formulas,  viz  :  that  Mr.  Jacoby's  formulas  involve 
the  pole,  while  mine  do  not.  He  has  got  various  terms 
multiplied  by  cot  P,  which  involves  the  N.P.D.  of  the  center 
of  the  plate.  Here  then  is  a  vital  question :  Has  the  pole 
any  business  in  the  formulas,  or  not?  I  am  aware  that 
many  eminent  astronomers  find  a  difficulty  in  making  ab- 
straction of  the  pole  and  the  earth's  rotation;  but  really. 
we  have  no  concern  with  them  in  a  photograph.  Suppose 
the  earth  did  not  rotate,  would  the  photograph  be  different  .' 
Suppose  it  rotated  about  quite  a  different  pole  (and  the 
zenith-distance  of  the  plate  remained  the  same,  of  course), 
would  the  photograph  be  in  anj  way  different'.'     The  edges 


TURNER. 

ol  the  plate  might  run  in  different  directions,  but  the  a  ipei  I 
of  the  stars  would  lie  just  the  same. 

[f  there  is  a i i \  doubl  on  this  point,  we  maj  suppose  the 
exposure  instantaneous,  in  which  ease  the  rotation  has  no 
effect  whatever:  and  though  exposures  in  practice  are 
seldom  instantaneous,  they  are  in  most  cases  treated  as 
though  they  were  taken  instantaneously  at  the  middle  of 
the  exposure. 

The  pole  has  no  business  in  our  differential  refraction 
formulas.  It  is  a  sort  of  King  Charles's  Head  to  some  as- 
tronomers, but  in  photographic  work  it  must  be  kept  out  of 
the  manuscript,  or  it  will  do  mischief.  Here,  for  instance, 
is  Mr.  Jacoby,  proposing  formulas  for  differential  refrac 
tion  which  become  infinite  at  the  pole!  Let  me  beg  him 
to  examine  a  photograph  of  the  pole,  and  see  whether  there 
is  any  infinite  disturbance.  He  will  find  that  the  dis- 
turbance due  to  refraction  is  precisely  similar  to  that  on  a 
plate  taken  on  the  south  side  of  the  zenith  at  an  equal 
zenith  distance.  His  formulas  would  give  infinitely  differ- 
ent results  in  the  two  cases;  the  correct  formulas  give 
the  same  results,  as  they  should. 

This  being  the  nature  of  the  mistake  made,  it  seems  ex- 
traordinary that  it  can  have  been  maintained  at  all.  But 
it  becomes  less  surprising  when  we  study  Air.  Jacoby's 
controversial  methods.  I  subjoin  three  examples  of  these 
methods,  one  from  each  of  his  papers,  which  will,  perhaps, 
be  sufficient. 

(a).  In  his  first  paper,  A.J.,  no.  350,  p.  108,  he  says; 
"Formulas  for  Mx,  etc.,  have  been  also  given  by  Prof. 
Tukneb  (M.N.,  R.A.S.,  LIV.  p.  18),  and  while  he  has  de- 
duced them  in  an  ingenious  way,  he  has  omitted  a  neces- 
sary step,  and  his  results  are  incorrect." 

It  will  scarcely  be  believed  that  no  attempt  is.  or  lias 
since  been  made,  to  point  out  the  "necessary  step  omitted." 
Mr.  Jacob?  should  realize  that  such  accusations  .should  not 
be  made  unless  the  maker  is  prepared  to  support  them  In- 
direct evidence. 

(/;).  In  his  second  paper,  A.J.,  no.  366,  p.  13,  he  says: 
"I  think  no  one  will  question  that  these  values  of  c.  and  p 

are  the  apparent  coordinates  of  the  star ,  and  I 

here  explicitly  assume  that  such  is  the  case." 

In  a  mathematical  investigation  assumption  of  this  kind 
is  entirely  out  of  place.  The  thing  either  is  so,  or  is  not 
so.  and  whether  any  man  or  woman  questions  it  is  quite  an 
irrelevant  matter.  A  man  who  can  introduce  a  paragraph 
of  this  kind  into  a  mathematical  investigation  docs  not 
understand  the  principles  of  inatheniat  ics.  This  fatal  habit. 
of  assumption  vitiates  the  whole  of  this  paper.  In  the 
s ml  paragraph  of  it  he  says:     "If  we  compute  «  and  p 
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'o\  means  of  the  above  Formulas  directlj  from  the  measured 
coordinates  :-  and  7,  we  shall  gel  the  apparent  «.  and  p  of 
the  star."  This  is  a  pun-  assumption,  and  absolutely 
wrong.  We  cannol  gel  the  apparent  a  and  p  of  a  star  from 
measurements  of  a  photograph  by  any  formulas  whatever 
which  do  not  involve  the  hour-angle.  Consider,  for  in- 
stance, a  star  actually  al  the  pole,  raised  bj  refraction  some 
distance  above  it.  It-  apparenl  R.A.  changes  uniformly 
0  to  24  .  How  is  this  to  be  gol  from  formulas  inde- 
pendent of  the  time. 

In  his  third  paper,  A.J.,  no.387,Mr.  Jacobs  writes: 
••1  must  objecl  to  Mr.  Dyson's  statemenl  on  the  top  of  the 
second  column  of  p.  102  in  m>.  ."7.".  of  the  Journal.  He 
says 'thai  1  have  given  two  contradictory  statements  in 
qos.  350  and  354  of  the  Journal.      I   am   unable  to  find 

ite nts   iii   any  of   my  articles.    : 

,: ;  cle   al    all   in    no.  354    of   the 
Journal." 

Now  to  make  capital  out  of  a  mere  slip  of  the  pen  seems 
an  unworthy  device.  Mr.  Jacoby's  two  articles  are  in 
Nos.  350  and  366,  and  Mr.  Dyson's  in  no.  354.  The  three 
numbers  were  doubtless  before  the  latter  in  writing,  and  by 
a  slip  of  the  pen  350  and  354  were  substituted  for  350  and 
366.  Surely,  Mr.  Jacobi  musl  have  seen  this.  It  is  not 
as  if  the  papers  on  this  subject  had  been  so  numerous;  the 


present   note  duly  makes  six,  though  it  is  certainly  six  too 

many.       I'.ut    I    will   not   imitate    Mr.  JACOB!     by   assuming 

anything.  I  will  take  his  nun  words  :  "]  am  unable  to 
find  these  contradictory  statements  in  any  ill    mj   articles." 

\\  hat,  then,  are  the  statements?  Mr,  Dyson's  words,  "on 
the  top  of  the  second  column  of  p.  L02  in  A.J.,  373,"  are  as 
follows:  *  *  *  "is  the  difference  between  <l\(u  —  A)  sm  l'\ 
given  by  Prof.  Jacobs  in  A.J.,  354,  as  equal  I"  d£,  and 
sinPd(a— A)  which  he  previously  gave  as  equal  to  d(  in 
A.J.,350." 

As  Prof.  •!  \<  obs  cannol  find  these"  in  am  of  his  articles,'' 
will  he  kindly  turn  to  A.J.,  366  (which  as  above  stated  was 
miswritten  354),  page  13,  the  9th  line  of  the  first  column, 

w  here    we    read 

d£    =    ,l[(a-A)  sin  /'] 

and  now,  please,  to  .(.-/..  •'!."><»,  page  Kl'.l,  column  1,  lines  6 
and  7.  where  we  read,  "wemust  add  to  XsecS,  the  cor- 
rections    .1/, .\' sec  rt  +  -Y  }'."    ill  which  I  //eye  lie  will  be  able 

to   identity    tl ther   statement  ;   though    it.  looks  as   if 

he  did  not  understand  his  own  formulas,  for  he  actually 
proceeds  to  correct  them  in  his  next  paragraph  b\  a  term 
I.- (I  tan  8  sin  1".  which  is  equivalent  to  the  difference  be- 
tween   d\(a—A)sinP\    and    sinPd(«— A). 

The  papers  of  Mr.  Jacoby  are  lull  of  such  instance-,  of 
wrongness and  unfairness,  but  1  think  enough  has  been  said. 


OBSERVATIONS   OF   THE   COMPANION    OF    SHi/l'S, 

MAM.    Willi    THE    26-INCH    TELESCOPE   OF   THE    U.S.    NAVAL   OBSERVATORY, 

By  Pbof.  STIMSON  J.   BROWN. 
[Communicated  by  Prof.  Wm.  II  lrkness,  I'.s.w,  Astronomical  Director.] 
In  the  spring  of  the  preseni  year,  every  clear  evening 
from   March  8   to    March  25,   systematic   search   was   made 
tor  the  companion   of  Sirius.     The  observations  were  con- 
lined   to  the  few  minutes  of  good   seeing  which  occur  here 
.  and    when    the   star   was   most   favorably 
situated  mar  the  meridian. 

On  occasions,  I  observed  an  object  which  I  could 

istinctly  for  very  brief  intervals,  but  which  was  so 

entangled  in  the  brilliant  rays  of  Sirius,  thai  its  position 

■    v,  it  h  greal   difficulty  .      1  did  not 

consider,  a1  the  time,  that  observati aade  under  such 

circumstances,  and  with  so  much  uncertainty  in  the  meas- 
ould  justify  the  announcement  oJ  a  redis- 
cover} of  the  satellite  which  had  Keen  In -t  observed  with 
the  more  powerful  Lick-objective  at  a  distance  onlj  a  little 
smaller. 

Since  the  publication  in  the  Journal  ot   the  observations 
at  the  Lowell  Observatory,  and  the  later  one-, 
of  the  Lick  Observatory .  showing  such  unaccountable  differ- 
ences in  the  position  of  the  companion,  I  have   fi 
my  observations  i  irove  of  importance.     Thej  arc  ac- 

jiven  below,  just  a  serving 


power   600(?) 


••March  13,  1896.     Sirius. 

Position-Circle   .Mar.  Readings 

95/16 
100.30 

'.Id.L'H 

'.  H  ;.•-•- 
parallel  86.12 

p  =  190.10 

"Seeing  not  good  ;  but  at  times  image  steady  — at  such 
times  I  saw  persistently  an  unsteady,  faint  object,  just  with- 
in the  edge  of  the  dancing  rays.  Started  to  measure  but 
seeing  became  worse.  Haven't  much  confidence  until  this 
is  verified." 

••  March  1  I.  1896.     Sirius. 

"Seeing  not  very  good —  get  an  image  similar  to  the  one 
seen  last  night  but  in  position-angle 


C.  R.  94.50 

parallel    86.02 

p  =  188.48 


Micr.  readings 


64.7-5 
64.75 

(54.68 

64.73 
Coincidence  64.20 


s  =  0.53  =  5".27 

"Evidently  not  the  same  object,  and  illusory." 
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••  March  21.      Sirius. 

"Using  positive  COO  and  '.loo  magnifying  power      latter 
too  high.     Get  the  same  appearance  as  on  the  14th. 
Washington,  D.C.,  1S90  Dec.  1. 


Position-eirele  95°.4,  p  =  189°.4;    s  =  5".O0  (estimated). 

■•  I   t  hink  it  is  a  SpurioUB  object,  although  get  the  same  ob- 

ject  with  tin-  negative  eyepiece.     Magnifying  power,  620." 


NEAV   ELLIPTIC   ELEMENTS   AND   EPI 

By  WILLIAM 
From  normal  places  for  Sept.  8.5  and  Oct.  3.5,  and  the 
mean  of  my  two  observations  of  Oct.  29,  I  have  computed 
new  elliptic  elements  of  this  comet.     The  data  were  as 
follows : 


Greenw.  M.T. 


1896  Sept.    8.5 
Oct.      3.5 

29.65763 


-  8  9  r»7.6 
-11  4s  L5.3 
-13  41  19.8 


17  18  28.03 

18  17  44.92 

19  36  56.79 
The  first  normal  place   is  based    on   26  European  and 

American  observations  from  Sept.  5  to  Sept.  11,  inclusive ; 
the  second  normal  place  is  based  on  19  Mt.  Hamilton  obser- 
vations from  Sept.  28  to  Oct.  8,  inclusive.  These  include 
practically  all  of  the  published  observations.  The  obser- 
vations of  Oct.  29  were  made  with  the  36-inch  telescope, 
lit.  and  J8  being  both  measured  directly  with  the  microme- 
ter. The  above  places  are  corrected  for  parallax  and  aber- 
ration, and  are  referred  to  the  mean  equinox  of  1896.0. 
The  elements  are  as  follows  : 

Epoch  1896  Sept.  5.5  Greenw.  M.T. 


1896.0 


Period  3286  days  =  9.00  years. 


M  = 

354°  28'    7' 

.88 

O)      = 

139   29     6 

.34 

9,  = 

192      5  36 

.82 

11    32   42 

.25 

v  = 

41      6  29 

.13 

log  e   = 

9.8178836 

log  a   = 

0.6360428 

log  in    = 

2.5959424 

LEMEKIS  OF  COMET  d  1896  (giacobim), 

J.  HUSSEY. 

Residuals  for  the  data  are 

0-C 
Au  =   +0-.01  O'.OO  0  .00 

./8    =    +0".2  +  0".2  -0".l 

< '(INSTANTS    FOR    THE    EqUATOK,    (1896.0). 

x  =   r  [9.9996178]  sin(y  +   61°  20' 27".47) 

1/   =   r[9.9901669]  sin(y  +  330    49  24.35, 
2    =   »•  [9.3315231]  sm(y  +  342   21   19.29) 


Ephemeris. 

Or.  M.T. 

True  a 

True  8 

A 

AbelT. 

l!r. 

Nov.  24.5 

21    2  40.77 

-12  44  48.9 

0.1811 

1  2  36 

0.23 

*26.5 

9  17.70 

32  57.0 

28.5 

15  53.19 

20    7.8 

0.1:1011 

1  2  5 1 

0.22 

:',()..-, 

22  27.06 

-12    6  23.4 

Dec.     2.5 

28  59.13 

-11  51  46.0 

0.1992 

13     8 

0.21 

4.r. 

37,  29.22 

36  17.7 

6.5 

41  57.15 

20    0.7 

0.2086 

13  27. 

0.20 

8.5 

48  22.74 

-11     2  57.1 

10.5 

21  54  45.79 

—  10  45    9.1 

0.2183 

I:;   i:; 

0.18 

Brightne 

ss  for  Septem 

ber  8.5  =  1. 

Note.     The  epoch  for  the  second  system  of  elements  in  Astro- 
nomical Journal  no.  387  should  have  been  1896  Sept.  0.0  Gr.  M.T. 

Ml.  Hamilton,  Cat.,  1896  Xov.  24. 


OBSERVATIONS   OF   COMETS, 

MADE    AT    THE    LAWS    OBSERVATORY    OF   THE    STATE    UNIVERSITY    OF    MISSOURI, 

By  miltox  updegraff. 


1 890  Columbia  M.T. 


No. 
Comp. 


-* 


J  a 


/S 


's  apparent 


log  /A 

for  a       J     for  8 


Comet  a  1896. 


Mar 


8 
10 
11 
12 

16 
19 
20 


10 


111         s 

3  24 

1 

5 

51  10 

2 

3 

56  47 

3 

10 

6  38 

4 

10 

55  57 

5 

11 

33  13 

6 

6 

11  59 

7 

8 

+  0  47.6S 
+  0  12.13 
-1  40.65 
-3  7.40 
—  2  7.21 
+  2  40.10 
-3  31.56 


0 

43.0 

1 

36.6 

0 

22.7 

6 

8.7 

4 

29.7 

4 

37.2 

5 

26.2 

i 
2 

27 

39.5 

2 

46 

37.03 

2 

55 

3.64 

3 

2 

ll.oo 

3 

20 

32.65 

3 

10 

3.65 

3 

13  38.26 

Mar.  19     16  27  15  |      S  5 

May     5       8  45     8         9  3 


+  0 


Comet  c  1895. 

52     I  -   4  22.5 


lo   l.:.l 


+50  20.2 

+  40  27   L8.3 

I  is  58  7.7..;; 

+  48  29   14.1 

+46  49   21.7 

+  47.  11   53.5 

+45  2;;    12.7 


10 


9.849 
9.808 
9.805 

9.806 
0.77:, 
9.817 

0.777 


»9.553 


Comet  b  1S96. 
+  1    47.0         +10     9.1 


2  31   23.9     I   +59  48  21,1  :     9.787 


0.660 

(  1.  1  5  1 
0.172 
0.222 
0.16.-. 
0.551 
0.280 


0.693 
0.858 
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.)/"'//   Places  for  1896.0  of  Comparison- Stars. 


Red.  i" 

s 

Red.  to 

* 

a 

app.  place 

app.  place 

Authority 

1 

h         ill        8 

2  26 

0A2 

'  50  20.6 

•  L6.6 

Bonn  DM.  50°,  579 

2 

2   16  25.12 

{ |  22 

+49  22  24.6 

+  17.1 

Deichmtlller,  Bonn  A..G.  Catal.  2457 

3 

2  56   lll- 

0  L3 

18  59     0.7 

i  L7.3 

..      2574 

1 

3     5   18.54 

1  is  37     .-..1 

+  17.4 

«               2683 

5 

3  28  39.77 

1-  0.1 2 

+46   II  37.9 

+  17.1 

»        »        «      3023 

6 

:;  37  23.38 

+  H.17 

+  4:.   16  I  i.i 

+  16.6 

«       «        «     3125 

7 

3   17     9.56 

•  0  26 

+  45  28  22.3 

+16.6 

u       a        a     3244 

- 

l-.i   12.5 

+0.51 

+   7  23 

-14.7 

9 

2  29  37.95 

Lo.". 

r-59  38     5.7 

+   6.6 

Krueger,  Helsingfors  A.G.Catal.2370 

observation  of  Mar.  10  was  interrupted  bj  clouds,  and  thai  of  Maj  5  was  interrupted  1p>  the  cornel  going  out  of  Bighl  behind  a  tree, 
met  i   1895  was  found  to  be  too  fainl  for  accurate  observation  with  a  telescope  of  this  aperture,  7*  inches. 


OBSERVATIONS  OF  COMET  6  1896,  {swift), 

m  m.i     \  i    i  ii  i    OBSERVATORY  01     Mil     i   \  I  \  l  I:  ~1  I  1  1 1 1    MINNESOTA. 

uiniii.  ated  bj   F.  1'.  I.i  \\  i  n «  OR  i  ff. 


neapolis  M.T. 

* 

No. 
<  omp. 

4 
da 

-* 

<j8 

tv^'s  apparent 
a                          8 

log  />A 
for  a           for  8 

May    6 

lu  22  :::: 

1 

1  .  :; 

-o'r.r.m 

+  o  56.5 

2  21  35.23 

+  61     I    II". 

9.346 

ii. ;il. -i 

8 

11    16  41' 

•  > 

s  .   I 

-4  13.43 

+  5     1.8 

2  10  59.93 

+c,:;  12   10.7 

»8.778 

0.922 

11   16   12 

:\ 

s  .   1 

-5  19.42 

+  8  50.9 

2  Ki  59.69 

f63   12  41.8 

//S.77S 

0.922 

is 

ii  19  36 

4 

8  .  1 

+3  25.79 

-7  56.3 

o  59  :;:;.<>7 

+69  38  4:;.l 

9.807 

0.851 

11    I'.'  36 

•"i 

8   .   II 

+  o  59.64 

o  .v.)  32.73 

9.807 

30 

12     7     '.' 

ii 

3  .  4 

-3  39.58 

-0  37.0 

Mi  an    Places  for  ISOd.O  of  Comparison- Slurs. 


* 

a 

Red.  t" 
app.  place 

8 

Red.  i..                                                 .    „      . 
app.  place                                        Authority 

1 

2 

:; 
4 
5 

b       in       s 

2  25  27.11 
•J   i:.   14.73 

2  n;  20.47 
(i  56     9.14 
n  58  35.03 

s 
-  1.17 
-1.37 
-1.36 
1.86 
-1.86 

+61    ::   H. s 
+  (>:;     7  33.9 
+  63     3  45.8 
+  69  45   12.3 

+  69  45  41.5 

+  6.2 

+  5.(1 
+  5.1 
-2.9 
o  7 

Kreuger,  Helsingsfors-Gotha  A..G.  Catal.  231 1 

a                        u                      «            u            «        2169 
u                        «                     a            a            u        2192 

Fearnley,  Christiania  A.G.  Catal.  199 
«      205 

The  observations  were  mad.'  with   the  10+incb  equatorial  and  Blar 

micrometer.    The  position  of  the  observatorj  is  long.  6h  12m  568.90 

om  Greenwii  h,  lat.  1 1    58'  39*.5.     The  observations  of  May  6 


and  IS  were  made  by  A.  F.  MAXWELL  and  II.  GARRITY,  students 
in  the  observatory.  Those  of  May  8  and  30,  by  F.  1'.  Leaven- 
WOHTH.     tin  -May  30  thecomet  was  very  faint  and  difficult. 


NEW    COMET. 
A  new  comet  has  been  discovered  by  Pekrine.     Position,  189(3  Dec.  8.8540  Gr. 
Daily  motion  +4"  20*,  southward  30' ;  well  defined  nucleus,  and  tail :  8*. 


a  =  0"  52"'  26\7,    8  =  +6°  24'  52". 


NOTICE. 
With  the  assent  of  the 'family,  it  lias  been  decided  to  place,  in  the  title-heading  of  each  number,  and  upon  the 
title-page  of  each  volume,  the  words  "Founded  by   B.  A.  Got  ld,"  as  a  permanent  memorial.  —  Ed. 


im\T E S T S  . 
On  tiik  Solar  Motion  as  »  Gauge  oi    Steli  m:  Distances,  by  Prof.  Simon  Newcomb. 

ERBNTIA1     I:iii:mi|.i\    FOR    PHOTOGRAPHIC    MEASURES        Kll-IY     Hi    MR.  HAROLD  JACOBY) ,    BY    PROF.  H.    II.    TlllMI: 

Observations  "i    im.  Companion  "i    Sirius,  by  Prof.  Stimson  J.  Brown. 

i  iptic  Ei  imi'.n  i~  am>  F.riu  mi  i:is  .ii   Comet  d  1896    Giacobini),  i>v  Prof.  William  J.  Bcssky. 
Observations  "i   Comets,  by  Prof.  Mii.tos  Ppdegraff. 
Obseri  itions  in   Comei  b  1896    Swii  i  i,  by  Prof.  F.  P.  Leavenworth. 
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COMPARISON    OF   STANDARD   STAR-PLACES    WITH    OBSERVATION, 


By  R.   II. 

The  meridian-circle  observations  of  Standard  Stars,  made 
at  this  Observatory,  will  be  published  with  full  details.  In 
the  meantime  there  are  some  results  that  can  be  given  in 
definitive  form,  and  which  appear  to  be  of  interest  in  their 
bearing  upon  the  relation  of  Standard  Star  Systems. 

The  present  series  embraces  all  stars  down  to  —40°  decli- 
nation, given  in  the  American  Ephemeris,  Connaissance  des 
Temps,  and  British  Nautical  Almanac;  and  which  are  uo1 
in  the  list  of  the  Berliner  Jahrbuch.  The  additional  stars. 
introduced  in  the  N.A.  list  for  1S97,  are  included. 

The  observed  places,  being  based  upon  B..J.  stars  as 
fundamental,  a  comparison  of  these  places  with  the  various 
ephemerides  may  be  considered  as  in  a  measure  supple- 
menting the  comparison  made  by  Dr.  Auweks,  printed  in 
I'...).,  1884,  which  embraced  all  stars  common  to  B.J.  and 
any  one  of  the  others. 

For  this  comparison  there  are  available  (ill  stars  from 
A.E.,  86  from  C.T.  and  41  from  N.A. ;  in  general,  about 
one-third  as  many  as  are  included  in  the  comparison  by 
Dr.  Auweks. 

The  consideration  of  the  system  of  Fundamental  Stars  is 
first  in  order.  A  list  of  SG  stars,  between  —10°  and  +15° 
declination,  has  been  observed  as  fundamental.  A  few 
stars  lie  just  outside  these  limits. 

Ephemekis-Compakison  of  Fundamental  List; 

B.J.-A.E.     -08.027  (±0!002)   +o".01  (±o".03)  for  51  stars 
B.J.-C.T.     +0.015  (±0.005)   -0.24  (±0.00)    '•    53     " 
B.J. -N.A.    +0.022  (±0.002)    +0.1!)  (±0.03)    "   56      " 

The  above  are  for  the  mean  declination  +1!°. 

B.J.— 303  +08.001  (±0".002)  -0".51  (±0".03)for  50  stars, 
at  the  mean  declination  —2°. 4,  for  the  list  published  in  the 
B.J.  appendix. 

These  differences  have  been  applied  in  obtaining  the 
columns  of  residuals  in  Table  I.  But,  as  the  declinations 
of  circumpolar  stars,  observed  at  both  culminations,  are  in- 
dependent of  the  general  systematic  error  of  the  Funda- 
mental List,  no  residuals  have  been  taken  out  for  those  stars 


TUCKER. 

in  declination.  For  convenience  both  the  direct  difference 
(Obs.—  Eph.)  and  the  mean  of  the  differences  where  each 
has  been  divided  bysecShave  been  given  for  the  circum- 
polar right-ascensions.  This  causes  a  reversal  of  sign  in 
the  case  of  the  C.T.  group. 

The  values  given  in  the  table  result  from  combining  the 
stars  in  groups  of  5°  of  declination.  All  comparisons  are 
included,  with  the  exception  of  those  noted  at  the  fool  of 
i  he  table. 

Each  star  has  been  given  I  observations  in  each  position 
of  the  instrument,  and  the  circumpolars  have  been  given  1 
at  each  culmination  in  each  position.  The  reductions  have 
been  made  without  the  use  of  proper  motions ;  but  for  pur- 
poses of  this  comparison  the  ephemeris  proper  mot  inns 
have  been  included. 

Some  further  consideration  of  the  relation  between  the 
observed  places  and  the  B.J.  system  will  be  appropriate. 
The  agreement  for  the  mean  of  the  equatorial  zone  of 
Fundamental  Stars  is  necessarily  exact.  These  stars  have 
been  observed  on  the  average  15  times  each. 

There  are  no  further  means  of  direct  control,  beyond  tin- 
following:  the  deviation  (Obs. -P.. , I.)  -0a.026  (±0".007) 
—  0".16  (±0".08)  for  two  groups,  containing  16  stars  near 
the  zenith,  observed  for  bisection  and  the  comparison 

with  the  B.J.  places  of  circumpolai  stars. 

For  the  latter,  there  are  observations  of  45  B.J.  stars.  ;i 
few  slightly  below  70°  declination  having  been  included. 
These  have  been  observed  21  times  each,  on  the  average. 
The  observed  declinations  are  in  all  respects  independent  of 
the  B.J.  places,  except  that  B.J.  proper  motions  hue  been 
included  in  the  reductions.  This  will  introduce  no  important 
correction,  since  in  must  cases  the  mean  epoch  of  obser- 
vation is  not  far  from  the  epoch  of  reduction,  1895.0.  The 
azimuth  has  been  obtained  by  the  use  of  B.J.  right-ascen- 
sions; but  since  three  stars  have  been  observed  at  each 
culmination,  every  night,  and  the  result  combined  with  the 
indication  of  the  mire  reading,  the  observed  righ.1 
sions  arc  not  greatly  influenced  so  far  as  any  one  star  is 
concerned. 

(49) 


.-,(1 
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The  mean  difference  in  right-ascension   is  (Obs.     B.J.) 

I - 

This  may  be  due  to  systematic  error  of  observation  for 
slow-moving  stars.  There  is  uo  difference  between  right- 
ascensions  determined  at  upper  and  lower  culminations; 
from  which  the  inference  is,  that  the  observed  correction  bo 
B.  J.  is  no1  due  to  direction  of  motion,  nor  to  instrumental 


corrections,  unless  these  two  balance.  It  may  be  an  in- 
ce  ol  personal  equation  in  transit. 
No  adjustment  in  right-ascension  lias  been  made,  and 
the  residuals  given  in  Table  I  are  lefl  to  represent  the 
comparison  of  the  observations  with  the  ephemerides,  for 
stars  nut  in  B.J.  The  adjustment  of  the  declination- 
differences  for  Table  II  will  be  described  b6low. 


[,     Table 

1  l\  IM.    THE    .A 

1 1  >B8.       Kin.  i    i  OH    K\  I  i:\ 

5°   OF    Declin  \Tlox. 

A.E. 

C.T. 

N.  A. 

8  so. 

AK.A. 

V 

J8         b 

8    No. 

AR.A. 

V 

J8     v 

8   so. 

AK.A. 

« 

J8        v 

+87*1  3 

82.6  1 

75.7  8 
73.1  3 
68.0  5 

(1.8  2 

36  2  l 
32.9  2 

26  9  3 
21.0  6 
17.:;  -1 
12.4  3 
7.1    4 
+  2.5  6 

':.s  ; 

—  12.7  3 
18.9  3 
—24.1  1 
—26.3  4 
— .'52.2  2 

0.02]  sec 8 

—0.83 

H  in   se<  b 

—0.10 

-  0.024 sec? 

—0.08 

—0.018  sec  8 

—0.075 

—6.076 
—0.121 
—0.059 
—0.082 
—0.038 
—0.024 
—0.052 
—0.034 
—0.001 

—6.016 
+0.020 
—0.008 
—0.001 
+0.008 
—0.051 

— 0*20 
—0.019  sec  8 
—0.80 

—0.103  sec  8 
—0.07 

-0.017  secS 
—0.05 

ii  in  I  secS 
—0.048 

6  049 

—0.094 
—0.032  (2) 
—0.055 
—0.01 1 
+0.003(4) 

0.02S 
—0.007 
+0.026 

+6.0H 

+0.047 
+0.019 

+0  026 
+0.035  (6) 
—0.024 

—0.19 
—6.77 
+0.35 
+0.03 

+87.6    5 
84.8     l 

f.r.-,i 

-0.004  sec  8 
f-0.27 
+0.025  secS 

+0852 

ii  (Mil  sec  8 

+0.26 
+0.024  secS 

6.05 

+0.08 
—0.11 
—0.03 
—0.07 
—0.01 

—n.14 

0.00 
+0.23 
+0.05 

0.00 
—0.04 
—0.02 
+0.04 
+0.04 
—0.01(7) 
+0.02  i'.m 

-0.05 
(1) 

—1.0 
—0.7 
—0.1 
—1.3 
—1.8 
+0.1 

—1.8 

+  1.2 

+0.3 

+0.1 

0.0 

—1.1 

—0.9 
—1.3 

+0.1 
— o.l 
—1.3 

-0.8 
—0.5 
+0.1 

—  1.1 
—1.6 
+0.3 

—1.6 

+  1.4 
+0.5 
+0.3 
+0  2 
—0.9 
—0.7 

—  1.1 
+0.3 
+0.1 
-1.1 

+27.5     1 

21.3    ;; 

19.7  1 

12.8  2 

7.0     2 
+  3.9     .". 

— 17.6     2 

—23.2    :; 
—27.3  10 
—32.8     6 
—37.2     8 

—6.044 
0.000 
—0.028 
+o  032 
+0.061 
+0.031 

+0.038 
—0.003 
+0.037 
+0.015(8) 
—0  003 

—6.066 

—0.022 

—0.050 

+0.010 

+0.039(5) 

+0.009 

+0.016 
—0.025 
+0.015 
—0.007 
—0.025 

+0.3S 
+0.19 

+0.12 
+0.12 
+0.02 
+0.24 

+6. 12 

—0.42 
—0.14 
—0.61 
—1.38 

+0.19 

0.00 
—0.07 

—0.O7 
-0  17 
+0.06 

n  1,7 

ii  61 

—0.38 

—0.80 

1.67 

—0.03 

—6.03 
+0  41 
—0.27 
+0.31 
+0.16 
+0.27 
—0.41 
+0.46 
—0.02 

-0.17 
—0.02 
—0.42 
—0.22 
+0.02 
—0.02 

—0.04 

—6.04 

+0.40 
—0.28 
+0.30 

+  0.11 

+0.26 
—0.42 

+0  45 
—0.03 

—6.18 
—0.03 
—0.43 
—0.23 
+0.01 
—0.03 

54.1  1 

40.2  2 

38.3  4 

32.5  8 
28.2     2 

21.6  3 

11.4  2 

6.G     5 
+  3.6     3 

—  3.1     2 

—  7.1     7 
—12.5     4 

—  18.0     9 
—23.2     3 
—27  5   10 
—33.1   11 
—38.0     9 

6.03 

+  0.111 

—0.09 
—0.01 
—()  05 
+0.01  (3) 

—0.12 
+0.02 
+0.25 

+0.07 
+0.02 
—0.02 

0.00 
+0.06 
+0.06 
+0.01 

0.00 

Comparisons  omitted :    (2)  J8(— 1".4)  (l)  J8(+2".i) 

(4)J8(+1".6)  (3)  Ja(+0«.52) 

(6)  J8(— 3".2) 

The  following  comparisons,  including  all  stars  observed, 
may  have  place  here,  as  exhibiting  the  results  from  ma- 
terial more  extensive  than  that  given  in  Table  I. 

Ephemeris  Right-Ascensions  of  Circi  mpolar  Stars. 

B.J.— A.E  -    -o!<)08  sec 8  for  30  stars 
B.J. -C.T.   -    -0.030  sec  8    •■    11'     " 
B.J.-KA.  -   +0.023  secS   ••    10     •■ 

Observed  Bight-Ascensions  of  Circumpolah  Stars. 

Obs.-B.J.   =  -0i»08sec8  for  45  stars 

Obs.— A.E.  -  -  0.018  secS    •■     10     ■■ 

Obs.-C.T.  -  -0.055  secS    "    18     » 

Obs.-KA.  -  +0.002  seen    •■    10  « 

The  effect  of  magnitude  upon   nan-its    (in  relation    to 
which    a   note  was    published  in  A.J.,  380),  has  bei 
termined  by  means  of  more  than  150  transits,  half  being 
reduced  by  screen,  an  l.o    magnitudes    below 

•he  normal  brightness.     The  resulting  difference,      0'.034 
would    indii  ol        0 .009    per 


(7)  J8(+3».0) 

(7)  J8 (+::".9) 
(9)  J8(+:v.c,i 


(5)  J8(  +  I».fi) 
(8)  Ja(+0'.22j 


magnitude,  to  be  applied  to  the  observed  right-ascensions  o1 
taint,  stars.  I  Jut.  in  my  opinion,  a  correction  of  this  nature 
becomes  effective  only  in  extreme  cases,  through  force  of 
contrast,  and  probably  is  not.  sensible  through  small  range 
of  magnitude. 

The  mean  magnitude  of  the  fundamental  list  is  3.7,  three- 
quarters  of  the  stars  being  included  between  '■'<  and  5.  A 
comparison  of  the  observed  correction  to  B.J.  places  of  the 
equatorial  stars,  gives  the  following,  omitting  the  only  star 
brighter  than  2,  one  abnormal  difference  of  right-ascension, 
and  that  of  o  Ceti. 


11'  stars  L'..'!  mau 

32  3.3 

28  1.2 

1 1  5.6 


(Ob 


B.J.)  +0.001 

(-0.004 

0.000 

-0.020 


This  comparison  gives  indication  of  an  effect  contrary  to 
that  by  screen,  if  the  I!.. I.  right-ascensions  are  assumed  to 
be  free  from  correction  depending  upon  magnitude.  The 
right-ascension    of  o  Ceti,   however,   confirms    the    screen 
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1  16  comparisons 
158 

1 57  " 

1 09  " 

59  " 


results.  11  observations,  al  an  estimated  brightness  <s'.  ■  i 
ing  (Obs.-B.J.i  =  +0-.059. 

In  closing  the  right-ascension  i iparisons,  there  remains 

the  statement  of  the  mean  accidental  deviations  of  obser- 
vation from  the  ephemerides,  which  are  given  without 
taking  account  of  systematic  differences. 

B.J.  ±0.024  secg 
A.E.  ±0.040  sec  8 
G.T.  ±0.04  sec8 
X.  A.  ±0.028  sec  8 
303  ±0.016  secS 

[n  declination  the  agreement  of  the  observed  places  of 
circumpolar  stars  w-ith  J!.. I.  is  exact.  And  this.  In  chance, 
is  true,  whether  all  45  stars  observed  be  included,  or  only 
32  stars,  observed  at  both  culminations,  he  counted.  That 
exact  agreement  is  casual,  is  evident  from  the  tact  that  the 
observed  place  differs  from  B.J.  bj  more  than  0".5  in  six 
cases;  so  that  the  omission  of  a  few  stats  from  the  observ- 
ing list  might  have  produced  some  small  deviation. 

The  observations  of  the  above  32  stars,  ami  of  15  not  in 
B.J.,  unite  in  giving  the  systematic  difference, 

U-C--L-C-   =    +0-.10 

This  difference  represents  the  observed  error  of  the  mean 
of  the  Fundamental  List,  phis  twice  the  bisection-error  of 
observation.  Since  the  best  value  derived  for  bisection- 
error,  as  determined  at  the  zenith,  for  the  mean  epoch  of 
observation,  almost  precisely  satisfies  this  difference,  the 
virtual  agreement  of  the  observed  places  with  B.J.  at  the 
pole  and  equator  may  be  adopted. 

It  may  be  an  open  question  whether  the  results  of  a  de- 
termination, made  at  the  zenith,  can  be  assumed  to  be  valid 
for  increased  zenith-distance.  But,  in  the  absence  of  other 
means  by  which  an  independent  measure  of  such  error  can 
be  made,  they  deserve  consideration. 

The  present  determination  rests  upon  observations  of 
pairs  of  stars,  situated  one  each  side  the  zenith,  made  facing 
north  and  south  alternately,  reversing  the  order  on  the  suc- 
ceeding night.  A  single  determination  of  bisection-error 
consists  of  four  observations,  equivalent  to  one  pair  of 
stars  on  two  nights.  Some  of  these  were  made  1>\  observ- 
ing a  pair,  or  two  pairs  each  night,  in  the  regular  course  of 
work;  others  by  taking  four  or  rive  pairs  on  special  nights. 
The  same  series  furnish  a  measure  of  the  error  in  transit. 
due  to  the  direction  of  the  star's  motion. 

Following  are  the  results  of  all  series  observed  for  this 
purpose,  tabulated  in  the  sense.  (S— N  );  ',  1q  being  the 
observed  bisection-error. 


j.i. 

i  Jc- 

is;  i4.l 

8  det. 

-0.035 

+o.i:; 

1894.6 

K 

_ 

—0.03 

1895.6 

1(1 

—0.020 

+0.13 

1896.4 

8 

0.026 

+0.03 

1896.5 

8 

-0.035 

—0.02 

The  difference  in  right -ascension  is  consist  cut  I  lii  i  hi  : 
and  indicates  a  correction  bo  the  observed  right-ascension 
of  stars  north  of  the  zenith  oi  0".O29;  or  0,.023sec8if 
assumed  to  vary  with  secanl  oi  declination.  For  circum- 
polar stars,  observed  at  both  culminations,  the  effect  would 
be  eliminated ;  and  there  remain  L3  stars  of  the  list  to  which 
it  ni;i\  be  applicable.  One-half  the  correction  should  also 
be  applied  to  the  right-ascensions  of  the  group  of  B.J.  stars 
nt  the  zenith,  giving  as  a  result  (Obs.— B.J.)  =  — 0'.040. 

for  zenith-distances,  the  sec, ml  scries  having  been  ob 
served  without  transits,  may  have  been  influenced  thereby, 
a.ud  should  possibly  be  rejected.  Bu1  the  indications  are 
strong  that  a  bisection-error  of  approximately  o".  1  in  the 
beginning  of  the  present  series  of  observat  ions  had  virl  ualU 
disappeared  al  the  close.  The  best  value  of  bisection-erroi 
to  be  derived  from  all  the  series  is  +0".06. 

In  its  application,  circumpolar  stars  observed  a1  both 
culminations  will  be  independent  of  this  error  if  it  i  con 
ceded  tu  he  constant  at  till  zenith-distances.  The  decli- 
nations of  all  stars  south  of  the  zenith  will  not  be  affected, 
upon  the  same  assumption.  For  L3  stars  of  the  list,  be- 
tween the  zenith  and  70°  declination,  the  correction  — 0".12 
would  be  required,  if  this  error  be  adopted:  and  the  group 
of  B.J.  zenith-stars  would  similarly  require  one-half  the 
double  correction,  or  —0". 06,  giving  (Obs.    -B.J.)  —<»"._-. 

These  corrections  have  not  been  applied.  Since  about 
two-thirds  of  the  zenith-observations  were  made  in  combi- 
nation with  the  equatorial  zone  of  Fundamental  Stars,  thai 
many  have  been  available  for  the  comparison  (Obs.— B.J.). 

The  last  previous  determination  of  my  bisection-error 
was  made  at  Cordoba,  from  observed  declinations  of  cir- 
cumpolar stars  at  both  culminations.  The  result  0".00 
was.  however,  based  upon  an  invariable  latitude.  In  refer- 
ence to  the  apparent  change  in  observing-habit,  I  have 
never  permitted  myself  to  be  conscious  of  the  direction  in 
which  such  an  error  would  operate  in  telescopic  bisections, 
and  have  thus  remained  free  from  personal  bias.  But,  pos- 
sibly, the  effect  of  the  zenith-observations,  with  also  the 
knowledge  which  early  reductions  could  not  fail  to  give' of 
a  difference  in  latitude  between  observations  of  polar  stars 
and  of  B.J.  equatorial  stars,  have  served  to  direct  attention 
especially  towards  this  most  important  observing  feature. 
with  a  consequent  improvement  in  habit. 

Such  evidence  emphasizes  the  utility  of  differential 
work,  and  tends  to  incline  one  strongly  towards  that  as  a 
final  resource,  once  our  standard  star-systems  have  been 
brought  to  their  highest  perfection. 

The  comparison  of  the  declinations  of  all  circumpolar 

-I  ii-  observed  can  close  this  portion  ol   the  discussion. 

Ephkmeris   Declixations  of  Circumpolar  Stars. 

B.J.  — A.E.   +11. IK',    for  .'III  stars 
B.J.-C.T.   -o.1       ••     11'     - 
B.J.-KA.  -(i.di'    ••     in     •• 
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Observed   Declinations  op  Circumpolah  Stars. 

(His.      B.J.       I   Eor    15  -tars 

\.K.  4-0.05   ••     10     •• 
U.T.  +0.1      ••     18     •■ 

V  \      r   0.16     •■        10       •■ 

The  two  comparisons  will  evidently  present  some  devi- 
ations, sin.  •  !  of  stars  diffi  r. 

The  full  comparison  with  the  list  of  303  stars  affords  a 
further  approximate  control  upon  the  observed  places  in 
declination.  For  50  stars,  common  to  B.J.  and  303,  divided 
groups,  there  results: 

Comparison   with  303. 

Decl.         (Obs.    -303) 
+3.4  17  stars  -0.26 

—2.6         17     ••  —0.55 

-8.1         16     ■•  -0.61 

and  for  the  stars  observed,  which  are  not  in  B.J., 
— 15"  9  stars  — 0".77 

The  divergence  is  so  nearly  in  accord  with  the  known 
systematic  difference  of  the  two  lists  (+0*.50  —  0".02  8  t. 
that  the  inference  is  that  the  series  of  observations  is  an 
approximate  extension  of  the  present  B.J.  system  south- 
wards. 

The  accidental  errors  of  the  observed  places  may  next  be 

considered.     The  effect  of  division-error  upon  the  obser\  ed 

declinations  may  be  estimated  i'rom  the  completed  measure- 

:  of  the  1°  arcs  of  the  fixed  circle  used. 

The  probable  error  of  graduation  is  found  to  he  ±0".15 

for  the  mean  oi   four  divisions.     In  the  absence  of  further 

as  to  periodic  character  which  is  somewhat 

e\  ident,  it  will  be  assumed  that  this  error  is  not  diminished 

by  reading  upon  two  adjoining  divisions. 

I       prol  I  the  obsen  <  tave  been  ob- 

tained by  full   comparison  of  determinations  made  circle 

east  and  circle  west.     No  systematic  differences  have  I n 

edj      e  ci      .i    are,  in  general, 

larger  than  those  obtained  by  a  comparison  of  individual 

v.  it  li  t  he  n  i .  in  the  same  posil  ton, 

illy  completed.     The  results  of  the  first  comparison 

ar.-a'.  iven  as  repri  e  largest  probable 

errors  'accidental)  to  be  expected  for  tin-  mean   of  eight 

In  right-ascension :    p.e.  =  ±  O'.OIO  sec  8  up  to  70°  decli- 
nation and     ±0".004  sec 8    for  the  circumpolar   stars   ob- 
th  culminations.     The  results,  for  stars  of  high 
declination.  dly  smaller. 

Iii  declination:    average  p.e.   =    ±0".l  1.  ranging   from 
±ii''.  11   at  the  equator  to    t0".25  at  the  extremes,      -40° 
7+ L.C.     Circumpolar  stars  ±0".10.     The 
declinations  can  be  vi 

'  of  the  following  expression  : 

(5  AM   :/.    D 

the  last  term  of  the  second  quantity  depends  upon 


the  difference  between  the  tan  Z.D.  of  the  star  and  the 
tan  Z.D.  of  the  equatorial  /one  of  stars  used  as  funda- 
mental;  and   the   p.e.  due   to  graduation   is   represented  by 

I   0.10. 

lu  general.  1  believe  that  accidental  errors  in  declination 

have   a    similar   form,   and    that    al rmal    differences   and 

variations  in  refraction  will  affect  observations  according 
to  a  term  depending  upon  the  angular  distance  from  the 
reference-point,  aside  from  the  increasing  unsteadiness  due 
to  huge  zenith-distance.  Differentia]  determinations  will 
reduce  such  a  term  as  much  as  possible. 

The  mean  accidental  deviations   in   declination  of  all  the 
observed  places  from  the  ephemerides,  are  as  follows: 


B.J.   ±0.28    for    1  17  stars 


A.E. 

±0.36    • 

•    157 

C.T. 

±0.9      • 

•     1 58 

X.A 

±0.41 

•    109 

303 

±0.26    • 

'      59 

1  A  exceeds  1" 

(  li  exceed  1" 

<   1    exceeds  :!"  (omitted  1 

8  exceed  •"." 

I    '.)   r\r<;-il    1  "  [  1    omitted) 

(  8  are  south  of  —25° 


In  the  case  of  303,  only,  has  any  systematic  difference 
been  applied.  The  value  0".5  was  used  as  constant  for 
that  list,  and  there  remain  no  residuals  exceeding  0".7. 

Table  II  has  been  formed  by  an  approximate  adjustment 
of  the  declinations  of  Table  I  (Obs. —  Eph.).  The  observed 
differences  were  combined  in  larger  groups,  of  more  nearly 
equal  weights,  furnishing  salient  points  for  a  graphical 
representation.  It  is  based  entirely  upon  stars  not  in  B.J., 
thus  being  supplementary  to  the  comparison  made  by 
1  >r.  A  i  wers. 

As  results  oi  observation,  the  values  will  be  subject  to 
no  change  upon  publication  of  the  details. 


II. 


T  \Kl.l     01     A  li.M  vi  I  [i    V  \i  ri>    A  ((  >l:s. 

in  Declination. 


-Eph.) 


Decl. 

A.E. 

C.T. 

N.A. 

90 

-0.02 

0.0 

" 

80 

0.01 

-0.1 

70 

+  0.111 

-0.3 

60 

+0.03 

0.4 

50 

+0.05 

-0.5 

40 

+  0.07 

0.6 

:;(i 

+  0.0S 

-o.r. 

+0.20 

20 

+  0.1O 

-  0.2 

+  0.1S 

10 

+0.06 

+  0.1 

•  0.15 

0 

0.00 

0.0 

+0.13 

-10 

-0.06 

0.2 

-  0.11 

-20 

-0.12 

-0.5 

-0.35 

30 

0.18 

-o.7 

-0.58 

10 

-1.0 

-0.81 

II   the  evident  divergence  ■  es  of  observations 

In. m    the   ephemerides  were    to  be  ascribed  to  refraction, 

there  would  be  necessary  a  dei  be  1'ulkova  refrai ■- 
onstant  lor  this  place. 
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To  satisfy  the  declinations  of  the  American  Ephemeris 
at  the  pole  and  at  —30°  declination,  this  decrease  would 
be  but  0".04;  a  small  quantity,  when  it  is  also  evident  thai 
an  error  of  half  a  degree  in  the  temperature  recorded,  or 
of  one-twentieth  of  an  inch  in  the  barometer-reading,  would 
more  than  compensate  for  the  deviation.  It  may  he  that 
the  circumstances  of  a  high  altitude,  and.  in  general,  verj 
low  humidity,  produce  refraction-effects  slightlj  dissimilar 
to  those  allowed  for  by  our  present  theory. 

For  the  deviations  from  the  Connaissance  des  Temps  and 
Nautical  Almanac,  a  decrease  about  four  times  as  large 
would  appear  to  be  required,  while  for  the  list  of  303  stars 
seven  times  the  decrease  necessary  for  A.E.  is  indicated. 
These  quantities  would  amount  respectively  to  0".l  for  A.E., 
Lick  Observatory,  1S96  Nov.  18. 


o".;;  for  C.T.  and  N.A.,  and  0".o  for  303,  if  ill''  divei 
onlj  from  the  equator  southwards  were  to  be  compensated. 

Flexure,  to  the  amount  of  o".|  sinZ.I>.  has  been  applied 
to  the  final  declinations.  Resting  upon  a  large  number  oi 
determinations,  under  varied  conditions,  and  distributed 
through  three  years,  it  would  noi  appear  possible  that,  its 
amount  should  he  increased  sufficient!}  to  accounl  for  the 
deviations  that  have  been  under  discussion, 

The  present,  series  of  observations  was  undertaken  at 
the  request  of  Dr.  E.  S.  Holden,  who  has  given  it  cordial 
support. 

The  Fundamental  List  is  the  larger  part  of  one  selected 
by  Dr.  Auwers  for  a,  right-ascension  system.  In  all.  the 
places  of  305  stars  have  been  determined. 


MEASURES   OF   THE   BINARY   SYSTEM   OF   85  PEG  ASF  08733). 

By  J.  M.  SCHAEBERLE. 

The  following  measures  of  this  binary  star  were  made 
with  the  36-inch  equatorial.  That  this  system  is  one  of 
the  most  difficult  of  celestial  objects  to  observe,  seems  to 
be  indicated  by  the  paucity  of  the  published  measures.  In 
Vol.  X,  Part  I,  of  the  Washburn  Observatory  Publications, 
Professor  Comstock  says,  "I  have  examined  this  star  fre- 
quently, but  have  never  seen  the  companion." 

As  will  be  seen  from  the  comparison  (O  — C)  given  below, 
the  error  of  the  ephemeris  (depending  on  the  orbit  which  I 
computed  in  18S9)  will,  according  to  the  run  of  the  resid- 
uals, be  practically  zero  in  1897.  The  greatest  deviation 
of  the  computed  from  the  observed  place,  for  the  290°  of 
the  orbit  described  since  Burnham's  first  observation,  took 
place  in  1894,  at  which  time  the  companion  was  about  17° 
in  advance  of  the  ephemeris-place. 

To  obtain  the  yearly  normal  places  I  have  taken  the 
simple  mean  of  the  times  of  observation,  and  the  weighted 
means  of  the  corresponding  angles  and  distances. 


Date 

Posit  ion- Angle 

Wt. 

Distance 

Wt. 

1893.636 

L68.35 

4 

0.89 

•  » 

.644 

168.10 

6 

0.90 

e 

.647 

168.48 

5 

1894.468 

180.34 

5 

.526 

183.15 

4 

0.98 

5 

.528 

181.50 

8 

0.79 

1 

.531 

179.60     • 

4 

0.86 

1 

Date 

Position-Angle 

Wt. 

Distance 

Wt. 

1894.643 

182.00 

6 

.679 

181.53 

7 

.736 

181.00 

4 

6.71 

2 

1895.476 

190.98 

5 

.514 

188.74 

7 

1.08 

4 

..">;;;; 

191.44 

7 

:; 

.544 

192.83 

6 

0.96 

3 

.550 

193.70 

6 

o.S'.i 

3 

.566 

189.75 

5 

0.9  1 

1 

1896.776 

204.16 

10 

0.77 

4 

.815 

206.36 

8 

0.80 

3 

.856 

207.50 

3 

0.72 

4 

Date 

Position 

\  nulc 

O  — C 

Distance 

o  — c 

1893.642 
1894.587 
1895.530 

1896.sk; 

168.3 
181.3 

191.2 
205.5 

+  10.4 
+16.4 

+  14.5 
+    1.1 

0*90           +0.09 
o.S'.i         +0.20 
L.02         +0.43 
0.76    1     +0.27 

Lick  Observatory,  1896  Nov.  28. 


NOTE   ON   THE    CONVERGENCE   OF   THE   SERIES   IX   ELLIPTICAL   MOTION. 

By  A.  HALL. 

In  the  Supplement  to  the  fifth  volume  of  the  Mecanique  give  the  values  of  the  radius-vector  and  the  equation  of 

Celeste  Laplace  has  determined  the  limiting  value    of  the  center.     For  this  value  he  finds 

eccentricity  for  the  convergence  of  the  series,  arranged  in  e  =   0.66105. 

sines  and  cosines  of  multiples  of  the  mean  anomaly,  which  This  resull  i-  found  by  a  very  ingenious  lmt  complicated 


.-.I 
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analysis.  The  simpler  method  given  afterwards  by  Cat  i  ht, 
ami  which  is  deduced  from  the  properties  of  complex  quan- 
I  ities,  gives 

e  =  0.6627434. 

Although  there  is  hardly  a  practical  difference  in  these 
values,  it  may  be  worth  while  to  point  ou1   thai  the 

ound  h\    Laplaci    are  strictly  correct,  and  thai   liis 
value  '>    a  small  numerical  error  in  the 

solution  of  his  first  equation.  The  two  equations  found  by 
Lap:  \.<  < 


1 


where  c  is  the  basis  of  natural  logarithms,  and  from  which 
ui  is  to  he  found  \<\  trial.  Then  the  limiting  value  of  e  is 
found  from  the  equal  li  m 

_  2_.  V-  i 
I  2cu 
It  is  evident  from  the  firsl  equation  thai  a  small  error 
in  i„  will  make  a  large  residual  in  the  equation.  Laplack 
found  io  =  0.08307,  ami  hence  his  value  of  e.  But  this 
sralue  el  ,„  does  net  satisfy  the  equation  well.  1  Bud 
«,  =  0.0832218,     ami  hence 

e  =  0.6627438, 
ami  the  resull s  are  ii    a 1  agreemenl . 
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S  I'  E  RRA. 
1896  <  >ct.  27 


1896  Oc1     9.90 

7.H. 

1896  Oct.  21.94 

7.18 

10.90 

;.i  i 

24.93 

,  ..I.. 

1  t.89 

7.25 

25.92 

7.09 

18.92 

6.52 

26.93 

6.73 

28.94 
30.97 


.1" 
.38 


L896  i  id.    31.84 
Nov.     1.93 


n\    THE    \ AKMATIOX    OF   SAWYER'S    NEW    SHORT-PERIOD    VARIABLE 

IX  GEMINI* 

Bi    w.    i: 

Observations  were  commenced  on  this  star  immediately 

after  receiving  A.J.  385  Mr.  Sawyi  a's  announce- 

im-iit  of  its  variation.     Though   Mr.  Y i:\hki.i.  in   .l.-/..'isr. 

published  several  minima  and  several  isolated  observations 

maximum  in  confirmati I   its  variation,  1  deem  it 

advisable  to  publish  the  following  observations  as  an  ad- 
ditional   confirmation;    thej    entirelj    verifj    the    type   of 
ition. 


The  observations  wen-  made  in  the  morning  while  the 

star  was  ilea!'  the  meridian.     U] :omparing  m\  observed 

maxima  with  the  computed  dates  from  Mr.  Sawyer's  ele- 
ments, as  given  in  his  announcement,  I  find  that  my  maxima 
occur  nearly  midwaj  between  the  successive  dates  indi- 
cated 1>\  his  elements:  /.'/.maxima  are  indicated  l>\  his 
elements  lor  L896  Oct.  22.52  and  Oct.  30.26,  while  mv  ob- 
served  dale  is  I  lei.   26.75. 

Randolph,  Ohio,  1806  Nov.  '.'. 

A    \K\V    VARIABLE   OF   SHORT    PERIOD    IX    SCORPIUSJ 

Hi    ROBERT    II.   WEST. 
C.DM. —33°  12533  =  Arg.  Uen.  Catal.  24212.        a  (1875.0)  =  17h  42"'  36».9     :     8  (1875.0)  = —33    39'55".5 


In  the  General  Catalogue,  the  magnitude  of  this  star  is 

given  as  (i.Vt.  while  the  ('.  1  >M    observations  are  (Vol.  XVII, 
on  i. 

L889  June  17         9" 
July   17         8 

is         S.5 

This  star  was  observed  hen-  1896  August  1.  and  twentj 
times  between  1896  September  9  and  November  9.  There 
were    no   observations,    however,   between    September   21 

and  Octobei   19,  excepl  a  Oct.  7.     Thesi    observations 

completely  confirm  the  variability  suspected  al  Cordoba, 
the  magnitudes  observed  ranging  from  7.45  to  8.8.  Maxima 
are  indicated  for  1896  September  14.5  and  October  22.5; 
the  i -elated  observation  of  October  7,  magnitude  7.8,  shows 
thai  there  was  probably  a  maximum  between  these  two. 
I  fence  the  period  A  minimum,  8.6,  was 

observed  1896  November  5,  somewhat  uncertain  because  of 
the  slhj  fcar's  lighl  for  several  days,  and  it 


may  lie  assumed  that  the  observation  of  September  9,  mag- 
nitude 8.8,  was  close  to  a  minimum.  These  tend  to  confirm 
the  period  of  19  days,  and  show  that  the  minimum  falls  •'■ 
or  6  days  before  the  maximum.  A  slighl  secondary  maxi- 
mum was  observed  on  1896  October  29.5. 

The  Cordoba  observations  show  that  the  star's  light  was 
decreasing  1889  Julj  17.  magnitude  8.  According  to  m\ 
observations,  this  magnitude  would  occur  six  or  seven  days 
after  maximum,  which  we  can  therefore  place  with  con- 
siderable confidence  on    IS.S'.I  ,lul\    lit  or  11.      This    is  also 

consistent  with  the   assumption  that    the    observati ill 

.lime  17  was  at  a  minimum,  and  that  a  maximum  occurred 
mi  June  22.  These  observations  will  enable  us  to  de- 
termine the  period  witli  -real  exactness,  on  the  assumption 
that  it  is  regular,  as  soon  as  sufficient  maxima  have  been 
observed  to  show  with  certainty  how  many  periods  have 
passed  since  that  time. 

Syrian  Protestant  College,  Beirut,  Syria,  1896  Yot.  lo 
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OBSERVATIONS  OF  COMET  1889  V   (brooks  =  cma), 

MADE    AT    THE    U.S.     NAVAL    OBSER\    Uul;\      WITH    26-INCH     l.'.H     STOMAL, 

By  Pkof.  STIMSON   .1.   BROWN, 
[Communicated  by  Prof.  Wm.  Babkness,  U.S.N.,    Astronomical   Director.] 


1896  Washinston  M.T. 

* 

No. 

#- 

"* 

e     s  apparent 

log  /'A 

la 

/S 

a 

s 

i'ol'n 

for  8 

July  1  7 

13  55.6 

h, 

6  .  .-> 

+  0 

\ZA<b 

-2  20.37 

22  38 

55.55 

is    1  1     111' 

"9.0459 

0.8662 

Aug.    3 

13     0.2 

2 

8  .  5 

-0 

23.20 

-2     l.(il 

22  37 

7.87 

-18  37  28.1 

//S.90I5 

0.8691 

4 

14  10.6 

2a 

8  ,  5 

-0 

23.54 

-2  21.40 

22  36 

15.88 

-18  39   15.7 

&8.8606 

0.8667 

11 

12  48.4 

3a 

7  ,8 

-0 

5.89 

-0  52.85 

22  33 

39.29 

-18  51  37.6 

re8.6396 

0.8711 

14 

12  17.8 

4 

16  .  5 

+  2 

23.92 

+  ((  24.50 

22  32 

0.48 

is  56  29.4 

&8.9007 

0.8715 

28 

11  19.4 

.in 

8  .  8 

-0 

8.34 

-1   34.4(1 

.,..  .,., 

18.80 

-19    9     0.1 

«8.8279 

(I.S728 

Sept.    1 

10  37.3 

6 

20  .  5 

-0 

38.76 

-2  36.65 

22  20 

3.99 

-19     7  49.5 

//'.i.<i;i7i 

0.8695 

4 

9  55.4 

6 

27  .  5 

2 

38.74 

+  ()     2.74 

22  18 

1.11 

-19     5  10.2 

»9.2410 

0.8649 

8 

10     7.4 

i 

6  .  6 

-0 

16.82 

+  2  30.32 

22  15 

31.37 

-18  58  57.6 

»9.0509 

0.8698 

Oct.     5 

9  38.0 

8 

Vi  .  6 

2 

59.12 

-1      2.71 

22     8 

17.26 

-16  54  54.1 

n8.8060 

0.8618 

■ 

8  25.1 

9 

6  .  6 

+  0 

3.29 

+0  57.35 

22     8 

37.71 

-16  40  47.3 

»x„s:i.s 

0.8602 

9 

S  50.5 

10 

8  ,5 

+  0 

•>      |   ■! 

-6  20.41 

22     9 

6.39 

-16  25  31.2 

w  7. 5244 

0.8604 

Mean  Places  for  1896.0  of  Comparison- Stars. 


* 

Red.  to 

8 

Red.  to 

a 

app.  place 

app.  place 

Authoril  j 

1 

h      i 

22  38 

13.36 

+  3J56 

-18°   8 

12.45 

+  19^39 

MYash.  +  .Mt.  Hamilton) 

la 

22  38 

42.03 

-18  12 

23.80 

From  1.     Ju  +  25*.  17,    /S  - 4'  ( (".84 

2 

22  37 

27.11 

+  3.96 

-18  35 

44.9 

+20.84 

£(Wjash.+Mt.  Hamilton) 

2a 

22  37 

5.44 

+3.98 

-18  37 

15.3 

+  21.00 

Prom  2.     Ju  -21».67,    78  -1'  30".  1 

3 

22  31 

0.11 

+  4.15 

-18  48 

34.2 

+20.57. 

+(Radcl.  6058  +  Wash.) 

3« 

22  33 

41.04 

-IS  51 

5.4 

From  3.     da  —2'"  40'.93,    IS  -2' 31". 

18 

4 

22  29 

32.37 

+  4.19 

-18  57 

14.4 

+20.50 

Weiss's  Argelander  17477 

5 

22  23 

11.30 

+4.35 

-19  15 

12.3 

+  19.92 

Wash.  Meridian  Circle  1896 

oa 

22  22 

52.80 

-19     7 

45.6 

•    • 

(  From  6.      Ju  +2'"  14-.59,    IS  -  2'  13 
j  From  5.      Ju  —  1 8'.66,         IS  +7'  26 

'.4 
'.9 

6 

22  20 

38.36 

+4.39 

-19     5 

32.5 

+  19.70 

^(Wash.+Mt.  Hamilton) 

7 

22  15 

43.78 

+4.41 

-19     1 

46.8 

+  18.90 

|(2  Radcl.6001  +  M.  l+M.II) 

8 

22  11 

12.16 

+  4.24 

-16  54 

8.9 

+  17.44 

^(Argelander + Wash.  1896) 

9 

22     8 

30.22 

+  4.20 

-16  42 

1.7 

+  17.1 

Wash.  Meridian  Circle,  1896 

10 

22     9 

0.29 

+  4.18 

-16  19 

24.9 

+  14.1 

..-                 a                 it              ic 

OBSERVATIONS   OF   COMET  g  1896  (pjsrrinis), 

MARE    AT   THE    LICK    OlISERVATOBY   WITH   THE   12-INc  B    EQUATORIAL, 

By  C.   I).  PERRINE. 


1896  Jit.  Hamilton  M.T. 


Dec.    8     12  23  14 

9       7  31  16 

10       6     2  24 


No. 
( lomp. 


1  dlO  ,  8 

2  dlO  .  8 

3  alO  .  8 


#-* 


la 


i8 


e^'s  apparent 


.(I  33.09 
-0  17.21 
-0     4.12 


+  7  27.8 
-8  22.5 
+  o  39.9 


0  52  26.70 

0  58     9.S9 

1  I   51.94 


+  6  24  51.9 
+  6  4  30.0 
+  5  40  45.7 


log  pA 

for  a       '      fur  8 


9.650 
»8.322 
re9.305 


0.704 
0.659 
0.670 


Mean  Places  for  1896.0  of  Comparison- Stars. 


*                     a 

Red.  to 
app.  place 

8 

Red.  to 

app.  place 

Authority 

1 
2 

3 

'    4 

h        m       s 

0  52  55.67 

0  58  22.96 

1  4  51.89 
1     0     7.45 

+4.12 

+  4.14 
+  4.17 
+  4.14 

+  6  16  56.3 
+  6  12  24.8 
+  5  39  38.3 
+  5  30  47.7 

+  27.8 

+  L'7.7 
+  27.5 
+  27.4 

Paris  1246 

£(Schjellerup  356+  Paris  1366) 
Micrometer-comparison  with  >M 
Grant.  Glasgow  26 1 

All  the  comparisons  in  R.A.  were  made  directly  with  the  microme- 
sr.     The  last  observation  was  made  through  haze. 


The  comet  h;is  ;i  well  defined  nucleus,  and  on  the  8th  there  ap- 
peared to  be  a  slight  fan-shaped  extension  north  preceding. 
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L896  Greenwich  M.T. 
Dec.  11    L3    --'    LI' 


OBSERVATION    OF   COMET#1896  (perrine), 

m  mm     \  i    i  ii  i    \  \^-  \i:  i i    obseb:  \  roKi . 

Bl    Proi  .  M  \IIV   W.   WHITNEY. 
^  \,,.  £/ — *         _  #'8  apparent 


I 


Conip.  ./a 

13       I     -0ra32'.59 


/S 

DC"  J      I1  11"    12'.6 


I  5    16' 


log  ;>A 
roro  ford 

8.885   I  0.718 


Mean   Plaa  for  1896.0  of  Comparison- Star 

Red.  lo  ?  Red.  to 

*  app.  place  app.  place 

1    |  lML'"1  II  .01       I  P.20  |    1-5°  20' 12".]  |  +27".2  |  KBoss>  Albanj  A.G.C.353  +  Schj    108) 


Authority 


ELEMENTS  OF  COMET  #1896  (perrine), 

Bi    W.  J.   HUSSEY    \ni.  ('.   1).    PERRINE. 


The  following  elements  \s  ere  derived  from  the  Mt.  1 1  a  mil- 
tun  observations  of  Dec.  8,  9  and  10. 

Residuals  for  the  middle  place  (0  —  (_■)• 

/a'cos/3'  =    -1"     .      I  ft'  =    +•"-" 


T  =    November  25.6659  Gr.  .M.T. 

w  =    164    36'    5") 

£  =  243    is    W      L896.0 

i  =     L6    26   29   ) 

log  v  -   0.06220 


ELEMENTS   OF   COMET  g  1896  (perrine), 

B-i    F.   II.  SEAKES  am.  R.  T.   CRAWFORD. 


From  observations  made  at  the  Lick  Observatory  bj  Mr. 
C.  D.  l'i  ni;i  \  e,  on  Dec.  8,  9,  10,  we  have  computed  the  fol- 
lowing elements  for  Cornel  g  L896  (Perrine).  The  obser- 
vations were  telegraphed  to  the  Students'  Observatory  by 

Dr.   H OLDEN. 

Middle  place,  (O-C),      1\  cos/?  =  +5".5   .    J0  =  0".0 


7' 

= 

1896  Nov.  2 

I.- 

'839  <;, 

M.T. 

en 

= 

L63 

38'  1  l 

| 

Si 

= 

243 

ii     i; 

1896.0 

i 

= 

n; 

39   .'.7 

) 

'I 

= 

1.15 

!49 

EPHEMERIS   OF  COMET  g  1896  (perrine). 


The  ephemerides  accompanying  the  above  two  sets  of 
elements  having  expired,  and  uo  other  elements  being  al 
hand,  nor  any  recent  observations  from  whirl,  a  set  might 
be  computed  for  this  issue  of  the  Journal,  the  following 
extension  of  the  ephemeris  has  been  obtained  from  the 
above  although,  being  derived  from  single-daj 

.ii  1 1.\  uncertain. 


Gr.  M.T. 

U 

$ 

log.  A 

Br. 

1896  Dec.  26.5 

2   18.1 

+0  32 

9.616 

0.57 

30.5 

3     9.7 

-0  10 

9.644 

.48 

L897Jan.   3.5 

3  29.2 

-0  38 

'.1.(177 

.40 

7.5 

3  46.7 

-0  55 

9.7]  1 

.32 

11.5 

1     0.0 

-0  56 

9.7  17. 

0.26 
Ed. 

NOTICE. 
Feeling  the  desirability  oi  eouns< T    and  collaboration    in    the   c luct  of  this  Joumfd,  the    undersigned    has  in- 
cited   Prof.   Asaph   Hall  and   Prof.  Lewis   Boss  to  share  in  its  editorship,  and  they  have  courteously  accepted. 

S.    ('.    CHA3  oil  B. 


CON  T  K\  'I   S. 

Comparison  oi   Standard  Stak-Pl  ices  witb  Observation,  v.\    Prof.  R.  ii.  Tucker. 

Measures  oi    mi    Binary   System  of  85  Pegasi  (0  733),  bi    Prof.  J.  M.  Schaeberle. 

\..ii    om    rB  ii  m ■!■.  of  the  Series  in  Elliptk  \i    Motion,   bi    Prof.  A.  Hall. 

(in   rHE  Variation  oi   Sawyer's  New  Short-Period  Variable  in  Gemini,  bi    Mr.  W.   E.  Sperra 

a  New  Variable  oi   Shori   Period  in  Scorpius,  by  Prof.  Robert  II.  West. 

Observations  of  Comi  c  1889  V  (Brooks  =  e  1896),  r.\    Prof.  Stimson  J.   Brown. 

Observatio  1896  (Perrine),   by  Mr.  C   I>.   Pebrine. 

596  (Perrine),  n\    Prof.  M  \u\  W.  Whitnj  i  . 
Elements  of  Comet g  1896  (Perrine),  by  Prof.  W.  J.   Hussey    \m>  Mr.  C  D.  Perrine. 
Eleme;  >6  (Perrine),   r.\    Messrs.  F.  II.  Shares   \ni.  R.  T.  Crawford. 

Ephemeris  oi    i  omei  g  1896  (Perrine). 
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THE    SECULAR    PERTURBATIONS    OF    MERCURY  ARISING     PROM    THE 

ACTION    OF    SATURN, 

liv  ERIC   DOOLITTLE. 


The  method  of  performing  the  following  computation  is 
the  same  as  that  which  was  followed  in  obtaining  the  per- 
turbations of  Mercury  arising  from  Jupiter  (Astronomical 
Journal,  no.  386).  As  the  term  ane'  is  here  larger  than 
in  the  case  of  Jupiter,  it  was  expected  that  the  discordances 
in  the  sums  of  the  functions  corresponding  respectively  to 
the  odd  and  even  points  of  division  would  here  also  be 
larger,  and  the  orbit  of  Mercury  was  accordingly  divided 
into  sixteen  parts.  An  inspection  of  the  final  sums  ren- 
ders it  evident,  however,  that  a  division  into  twelve  parts 
would'have  been  sufficient,  while  the  error  of  the  resulting 
differential  coefficients  which  would  have  arisen  from  a 
division  into  only  eight  parts  could  not  have  exceeded 
0".0(  10,000,02. 

The  computation  was  verified  by  a  repetition  from  the 
beginning,  and  the  usual  test-equations  were  also  applied. 
I  am  under  much  obligation  to  Mr.  E.  T.  A.  Innes  for  sug- 
gestions tending  to  lessen  the  amount  of  labor,  and  for 
verification  formulas  which  were  applied  in  repeating  the 
work.  Addition  and  subtraction  tables  of  logarithms  were 
used,  but  only  in  the  duplication.* 


The  elements  were  adopted  from  Dr.  <;.  W.  Hill's  "New 
Theory  of  Jupiter  and  Saturn,"  pages  192  and  558: 


log  a   = 


Mercury 

15     1  13.62 

7     0     7.71 

46  33     8.63 

0.20560476 

9.5878217 


&'  = 

e'  = 

log  a'  = 


Saturn 

90    6  n'.;;7 
2  '-".I    10.19 
112  20   19.05 
0.05606025 
0.979  1956 

i 



Epoch,  1S50.0  Greenwich  Mean  Time. 

The  preliminary  constants  were  found  to  have  the  values  : 


// 

=  229  26  43.69 

Log  /.-    -  9.9978013 

//' 

=  244  17  50.53 

log  k'  =  9.999  1926 

A" 

=   345  17  17.36 

log  c    =  9.4563013 

K> 

=  345     0  3i  i.1. to 

c  =  0.2859573 

I 

=       6  23  44.13 

The  resulting  values  of  the  auxiliary  functions  were  then 
obtained  as  in  the  following  tables. 


E 

log  r 

V 

A 

log /J 

e                        log  q 

h 

( 

0° 
22°  30' 

45c 
67°  30' 

90° 
112°  30' 

135° 
157°  30' 

L80 
-in'   30' 

225° 
247°  30' 

270° 
292°  30' 

315° 
337°  30' 

9.4878584 
9.4963313 
9.519  5:11'.-. 
9.5522314 
9.587  8217 
9.620  7141) 
9  646  7730 
9.6633518 
9.6690267 
9.6633518 
9.6467730 
9.6207149 
9.5878217 
9.5522314 
9.5195925 
0.496  3313 

0    0    0.00 
27  32  14.92 
:.l     4    7.02 
78  55    7.36 
101  51  53.65 
123    3    1.59 
11.  19  52.77 
161  39  20.97 
180    0    0.00 
198  20  39.03 
217  10    7.2.". 
236  56  58.41 
258    8    6.35 
281     4  52.64 
305  55  52.98 
332  27  45.08 

91.40055452 
91.41316673 
91.371  13281 
91.281  82268 
91.15980423 
91.02405557 
90.89484135 
90.79086206 
90.72697664 
90.71250894 
90.75006384 
90.83489465 
90.95505790 
91.09266180 
91.22635509 
91.33481374 

0.9008984 
0.9046508 
0.891  2882 
0.8600791 
0.8086753 
0.7320584 
0.6197894 
0.4477926 
0.1490040 
9.8927735 
0.301  2347 
0.5349866 
0.6784427 
0.774  1018 
0.8385407 
0.879  1967 

354  32  11.90 
1  37  44.47 
14  45  12.61 
24  52  16.23 
34  50    7.51 
44  25    1.78 

53  4  23.29 
59  10  33.86 

54  34  23.12 
340  51    2.51 
307  16  55.42 
309  12  16.19 
316  27  42.16 
325  17  28.22 
334  46    8.59 
344  34    1 .45 

9.2141341 
9.0793905 
0.051  2825 
0.4241555 
0.5872603 
0.6104619 
0.5014117 
0.2196159 
9.5764707 
8.2730770 
9.8602291 
0.3046571 
0.489  1223 
0.5153493 
0.3927481 
o  or,:,  H77 

90.704247 

00.701  730 
00.704  97:; 
90.70484  1 
90.704445 
90.704075 
90.704038 
90.704  1  12 
90.705145 
90.705802 

0O.700  O.V.I 

90.705781 
90.705088 
90.704321 
90.703855 
90.703  855 

+0.410351 

0.422  180 

0.380202 

0.291021 

0.169403 

+0.034023 

-0.095154 

0.199537 

-0.264126 

-  0.279250 

-0.241  953 

0.156844 

0.035987 

+0.102383 

0.236543 

+  0.:;  I.Vio] 

+  0.559279 
+0.559277 

V 

728.48478638 
728.48478617 

1470  IS    4.60 
1453    0  54.71 

725.(i37SlS 
725.037  850 

*The  following  error  occurs  in  Zech's  "  Tafeln  der  Additions-und  Subtn  irithmen. 

1.3765975  should  be  1.3765795 


edition  :  on  page  723, 
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V-o:i2 


E 

G 

G' 

-. 

6 

i..,  ii 

log  J' 

loj  n 

log  .V 

0 

90.704227 

0.41  17226 

0.0043526 

o  7,:;  50.78 

0.00150875 

0.2.7501245 

0.17835367 

5.6285747 

22  30' 

90.704715 

0.4256040 

0.003  1  LOO 

:;  7,r,  31.53 

o.i  mi  54356 

0.27505883 

0.178  10586 

5.6455608 

15 

90.704836 

0.1107,7,7  s 

0.0302188 

3  7,o  47.96 

0.00158664 

0.27511623 

0.17S  1701L' 

5.691  9307 

67   30' 

•.tn.7iil.Vjo 

0.3703889 

0.0790439 

1     2     17.89 

0.00161702 

0.27515671 

0.17851595 

5.7568907 

90 

90.703974 

0.3081768 

0.1383038 

1     1    12.34 

0.00160533 

0.2751  in:; 

0.178  19842 

5.8276384 

1  l.    30' 

90.703579 

0.2300012 

0.107,  1823 

:;  r,r,  22.98 

0.00152867 

0.27503898 

0.17838353 

5.892941  l 

L35 

90.703652 

0.1455476 

0.2403156 

3    II      7>.07) 

o.ool  38529 

0.2748479] 

0.17816860 

5.9445922 

L57   30' 

90.704241 

0.0683029 

0.2676388 

:;  29    2.13 

o.oni  jo;,:::; 

0.27460806 

0.17789879 

7,. 077. -',700 

L80 

90.705099 

0.01  19026 

0.2789825 

3    17,   29.12 

o.ool  05402 

0.274  10638 

o.i  770710:; 

5.988  1810 

•jn-    30' 

90.705800 

0.0007394 

0.2799874 

::  ll     3.15 

o.ool >73 

0.27434335 

0.17760102 

7,.'.i77  0710 

225 

90.705971 

0.029  152] 

0.27]  ol 69 

:;  17  46.29 

o.ool  07884 

0.274  13945 

0.177  7091  1 

5.9440470 

:' 17   30' 

90.705536 

0.090  L199 

0.2467190 

:;  29  20.24 

o.ool  20882 

0.27461270 

0.17790402 

5.8922401 

270 

90.704713 

0.1675089 

0.2031209 

3  39  39.24 

0.0013310] 

0.274  777,7,0 

0.17808722 

5.8268942 

292   30' 

90.703922 

0.2482641 

o.l  17,  1820 

;;   Hi  28.97 

0.00141515 

0.274  88768 

0.17821333 

5.7562165 

315 

90.703554 

0.32]  .M  in 

o.i  is  |  7O0O 

3  7,n     7.92 

o.ool  16116 

0.2749490] 

0.17828232 

5.691  1235 

:;:;:    30' 

90  703713 

0.3789646 

0.0338216 

3  52    2.72 

0.001  48559 

0.27498156 

0.17831893 

5.6452895 

V 

725.636026 

is  11' 4124 

L.251311] 

29  41  58.70 

0.011  ol  lol 

1.19868812 

1.425  24172 

6.5435816 

V 

725.636026 

1.8123850 

1.2512850 

29  41  56.61 

0.011  010S7 

1.19868787 

1.1 17, 24142 

6.5435802 

E 

log  /' 

log  v 

tog     V 

log  J, 

log  •/ 

log «/:, 

lOg    F, 

0° 

L.9882904 

3.8492800 

3.8492539 

1.9545232 

^9.7763566 

aO.781  7,7,70 

0.5831679 

//'.i.:;  17, 7000 

2.0053300 

3.8663219 

3.8663033 

1.9524936 

ra9.3221248 

//O.S'.ISl'l'IO 

aO.5157961 

8.8265203 

17, 

2.051  1967 

3.9126260 

3.912  ll.v_' 

1.:  i7,l'040o 

'.1.7,07,0707 

»0.9205549 

//l.ool  7421 

»9.351  7097 

r.7    30' 

2.1  L60330 

3.9773995 

3.9769269 

1.07, 107. IS 

9.856  1597 

&0.8594825 

//1.1SS17S0 

&9.9950076 

90' 

1  L862035 

L.0478488 

4.0470220 

1.07,7  o  111 

9.8322989 

//o.r.si  L925 

ral.2697310 

&0.262  n:;i 

111'   30' 

2.2508613 

1.1127652 

4.111  5969 

1.958  lo,77, 

9.5521845 

//o.l  131082 

rcl.2813318 

ttO.3600566 

L35 

2.301  8923 

1.1639869 

1.1  01' 7,7,07 

1.958  5303 

n8.6835427 

0.3931681 

ral.2268067 

//o. :;•_•.-,  i'7si' 

17,7    30' 

•.'.:;:;  1  1639 

1.1963617 

1.1  HI  701'.'! 

1.9574678 

«9.561  -J.  133 

0.7924788 

,/l.oS.V.MiSS 

raO.l  136093 

1  SI  I 

2.3449566 

L2071875 

4.2055204 

1.9558455 

»9.6927744 

O.1I07,  OS'.IO 

&0.7643362 

//'.i. 70s  L362 

202    on' 

-.:;:;:;  107s 

L1956990 

4.1940258 

1.9543336 

«9.6121  165 

1.0449706 

0.1129398 

8.8155382 

225 

2.3006205 

1.1628231 

1.1012018 

1.953  7,011 

//O.l  944 162 

1.060  9912 

0.9062154 

8.7860267 

,i:  30' 

2.2492258 

4.1113306 

4.1098562 

1.9538295 

9.191  7,o7,o 

1.017  6432 

1.128  1294 

//'.i.ool  5362 

270 

2.184  1071' 

l.o  10  3801 

1.047,  1000 

L9552056 

9.5560329 

o.ool  8986 

1.2208120 

»0.0556209 

292  30' 

2.1144600 

3.970  lo77 

3.9752380 

1. '.(7,7  ol  .VI 

9,100  17,10 

0.6598382 

1.233  777,5 

raO.1875637 

315J 

2.0503133 

3.911  6762 

3.911  L697 

1.957  9947 

//S.S07l'i'7.s 

9.8493088 

1.172  1749 

&0.1523974 

337°  30' 

2.004  0971 

3.8658214 

3.8G56191 

1.957  0355 

»9. 700  51 35 

aQ.4801684 

1.008  8097 

»9.9343334 

2; 

7.4082388 

2.301 8068 

2.2943297 

5.6453236 

.1"., 

7.40S  2403 

2.3018085 

2.294  3284 

5.6453232 

E 

log  S 

logS0 

log  W0 

/,',  sin  B. 
+  (cos  t)+cos  E)  S0 

— R.j  cost- 
+  (  -  ecc-,,-fi  j  sin  V  80 

0° 

5.3188055 

7i3.5854734 

m4.6310301 

-0.000000770023 

-0.000  020  835  5810 

22   30' 

5.3295936 

»3.2730503 

,/ 1.70,1  4772 

+0.000009535644 

-O.oi L9  099  7850 

45° 

5.3759563 

3.2723778 

»4.8331615 

0.000019486084 

-o.i 013  6593860 

o,7    30' 

5.4462915 

3.681  1553 

ra4.8372260 

o.i 027699067 

-0.0000044469025 

90 

5.5231601 

3.6736441 

// 4. 7oo  is:  is 

0.000032545329 

+  0.000  007  Mil  5052 

Hi'   30' 

5.591  0968 

o.osl  0801 

„4.1'0  147,75 

0.000032625198 

o.ooo  oi' l  5155020 

135° 

5.6426592 

»3.6106508 

4.550  50S.S 

0. 27  1  18276 

0.000034  I7,0  7,7oo 

17,7    30' 

7,.o,71  6442 

//.■;.'.H'0  7714 

1.9858953 

0. L6337313 

o.ooo  04:;  970,  oooo 

L80 

5.077  5411 

/,:;.'.io:;7080 

5.1702785 

+0.000001  839662 

0. 17592  7904 

202   30' 

5.661  1580 

M&7867777 

5.2390316 

-0.000  013287669 

0.000  043  900  8934 

225 

5.6261643 

,/l.Sl.S  117,1 

5.2222249 

-o.oi 25  1 16823 

0.0000337808016 

_ 

5.5757800 

3.64221]  1 

5.1272357 

-0.000031966152 

0.000  oi:  i7.v.'i'  130 

270° 

5.5155121 

3.8152246 

4.946  2111 

-0.000032206863 

+  O.OOI 5  130  9792 

292   30' 

5.  17, 140 10 

3.6985015 

1.633054  1 

0.0 27  10i'7,o7, 

-0.1 10  3:107,17,1' 

315° 

5.3907139 

3.0293576 

4.7482858 

-0.000019770536 

-O.ooo ol  I  5922640 

337°  30' 

5.34261  M 

»3.4233810 

&4.347  1864 

0.000010655672 

-0.000  019  289  9750 

0026911202 

*_0.000  000  359  24718 

•ii. iOl'7'.»07  152 

'  0. 02825107 

0.000  079  9753913 

2 

L1193 

*_0.000  000  359  24707 

•o. 027967125 

+0.000002825224 

0.0000799754154 

•The  corresponding  numbers  have  been 
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E 

II',  sin  a 

W0  cos  u 

-!'*. 

log  \  sin  E  // 

tog  law 

0° 
22"  30' 

l.v 
67°  30' 

90° 
112°  30' 

L35 
157    30' 

180° 
202    30' 

225 
247°  30' 

270° 
292°  30' 

315° 
337°  30' 

—  0.000  III  12  Oil  7571 
_  0.1 100  ( 104  S26  0289 

-  0.000006754  0641 
—0.0000065565758 
-0.0000040923123 
—0.0000008739008 
+0.000000531  3050 
-o.oooiiiU  7182294 

-0.001 70776661 

-0.0000126630324 

0.0000152076154 
—0.0000133630400 
—0.000008  1623118 
-0.0000033076901 
-0.0000002411456 
-0.0000000400332 

0. 10032422806 

0.0000008728046 
+  0.0000020656152 

0.0000034868920 
+  0.(1(100(11  617  1933 
—0.0000035128323 
—0.0000095267356 
-0.0000129986018 
-0.0000118447875 

o.oi 6854  7683 

—  0.000 ool  0475614 
+  0.0000025393222 

0.000002741  L608 
+0.0000005055592 
-0.000002225  4410 

-o.oi 33103367 

—0.000034604648 
—0.000040621  607 
-0.000  051  1 90  988 
-0.000066709877 
—0.000084259712 
_ o.ooo  LOO  6098  15 
-o.ooo  1 1 1  738865 
-0.000114756176 
-o.ooo  loo  1  18595 
—0.000096860250 
-0.00OOS1  227510 
—0.000065545379 

-0.0 152  L03952 

-0.000042025  673 
-0.000  035  657  730 

5.416  1020 
5.7058488 
5.8596754 
5.9353384 
5.9365972 
5.  S  153712 
5.591  L321 

//5.5.so:i  l.v.i 
»5.8288763 
a5.9206804 
»5.9276904 
«5.8648149 
&5.7206064 
»5.4291225 

y/1.0'.l7i;150 

«3.7767190 

:;.7.vj7s5;: 

4.1289239 

4.085  8224 

3.4603652 

^3.9638778 

»  1.257  HOC, 

»4.2946813 

n  1.123  1259 

n3.1713421 

4.021  1965 

4.2274029 

1.1  HilTol 

3.5097651 

«3.9270497 

Si 

-0.000  043  348  422 
-0.000  043348570 

-0.000021462570 

-0.000021462  536 

-0.00056023241 

—0.000  560  23202 

♦0.00000236573 

*0.000  002  35876 

*_0.000  000495  546 
*_  0.000000495578 

*The  corresponding  numbers  have,  been  added. 
The  equation, 

sin  7  -i  (.l,),sl  +eos</i?(;'»  =  0 
is  found  to  give  as  a  residual 

+0.000  000000034 
The  values  of  the  differential  coefficients  are  as  follows  : 


4^-1     =    +     1*859  683  m' 

_  at  Joo 

dt  J0, 


+  256.04618    m> 


4^  1 


dt  Jo, 


-244.39983    m' 


f^Ll     =  +254.223  3C 

[ 


dLl 
dt  Jq, 


-373.179  67    m' 


log  COC  if. 

^0.269  4389 
p2.408  3183 
rcl.1688348 
&2.3881009 
^2.405  2154 
»2.571  9180 


By  substituting  the  above  value  for  m',  there  are  finally 
obtained  the  following  results  : 

The  Flower  Observatory,  1S06  Dec.  16. 


+0.000531  0952 

+  0.073122  627 


\— 1      = 
L  dt  Joo 

l~-x-l  = 

L  dt  Joo 

f*l      =    -0.004212770 
L  dt  Joo 

P-^l     =    -0.069796  619 

L  "f  Joo 

I  — 1      =    +0.072  602  050 
L  *  Joo 

[—~]     =    -0.10657405 

L  df  Joo 

If  the  value  of  in'  employed  by  LeVeebieb  be  adopted, 
(mJ  =  g .', ., )  (Annalesde  l'Obs<  rvatoire  tie  Pan's,  Tome  V),  the 
results  from  the  two  methods  may  be  compared  as  follows  : 
Method  of  Gauss      Method  of  LeVebbieb 

[—~]     =   +0.0005295 

L  dt  Joo 

[   '''  1      =    -0.0042003 

L  dt  Joo 

r^-1     =   -0.069590 

1_  dt  Joo 

r— i  = 

\_dt  u 

\— 1  = 

L  dt  Joo 


-0.106259 
+0.072387 


+  0.00053 
l  00420 

-o.oi;1.  is 
-0.1067 
+  0.0724 


NEW  ASTEROID. 

Prof.  Keeutz    has    communicated   the    discovery  of   a   new   asteroid,    1896  DB,    by  Ciiaulois,    at   Nice, 
following  position  : 

DB    11M     1S96  Dec.  7  101'  57"'.s  Nice  M.T.     «  =  3h  7'"  56"     ,     8  =  +13     16'.     Daily  motion,  -40-  on  pai 
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OBSERVATIONS  OF  COMET  1895  IT, 

MADE   AT    nil.    LICK    OBSERVATOBT    WITH    THE    12-INCH     \M>   S6-INCH    BQ1    LTOBIA] 

liv  C.  I).   PEREim  . 


* 

No. 

&- 

-* 

f#'s  a 

Dparent 

log  / 

A 

1896  Mt.  Hamilton  M   1 . 

i  omp. 

la. 

./S 

a 

s 

for  a       | 

for  8 

Max.  22 

b      "i 

16  7,7 

398 

10 

1"  .  1 

+  l'":;Lii' 

+2    15  J 

lo"  H™ 52.68 

1    s  11    12.:; 

,,0.7.01 

0.07,7 

L6  i".' 

11 

50 

9  .  4 

+  1  42.22 

+  o     7.o 

19    11    I':'..  17 

f  s  28  30.5 

,,0.7,:  ;i 

0.660 

28 

L6     1 

55 

51 

3,3 

-0     1.13 

+  o  57.3 

19  38  30.74 

+    0   5  1    25.0 

,,o.7,  lo 

0.01: 

29 

L6     2 

:;s 

53 

3  .  3 

+  0     5.49 

_0  55.6 

10  37  7,o.r,l 

+  10   10    is.l 

,,0.7,.;  1 

0.012 

31 

L6  27 

16 

55 

-0    1  1 .7.1 

-0  35.4 

lo  36  25.40 

+  10  45    17.8 

„0.!7,S 

0.00 1 

Apr.    7 

L6     9 

39 

57 

13  .  1  1 

+o     6.99 

+2     0.3 

19  30  35.40 

+  12  45      1.0 

,,0.1 1'S 

0.502 

15  21 

33 

.V.I 

5  .  5 

+  o     5.26 

+  0  33.2 

19  1'7  38.39 

+  l:;  35  33.9 

B9.505 

0.595 

1 1 

15  35 

27 

61 

10   ,   10 

-0    2.62 

+  ()  12.9 

19  26  34.43 

+  13  7,2  ;;7.i 

,,0.102 

0.582 

11' 

1  1    17 

15 

63 

lo  .  10 

+  o     2.66 

-1     0.0 

19  25  31.47 

+  14    s  59.2 

,,0.7,5:1 

0.603 

15 

l  I  55 

■> 

65 

1 0  .  15 

-0  21.12 

_0    2.5 

19  22     3.12 

1-1  1  7.0  2:1.0 

,,0.51  1 

0.579 

i<; 

L5  25 

57 

07 

14  ,  11 

-o  30.27 

-4  31.5 

lo  20   18.15 

+  15  10  13.6 

,,o.l  is 

0.7,7,7, 

17 

11  :;i 

9 

68 

10  .  lo 

+  o  13.74 

4  0  50.5 

19  19  35.82 

+  15  32  11.0 

„o.7,:;:; 

0.7,70 

L9 

1  1   7.1 

47 

69 

12  .  10 

_o     233 

+  0  39.3 

19  16  58.66 

+  16     7.     s.l 

,,0.170 

0.553 

May    6 

li'  58 

6 

71 

lo.s 

-0  12.72 

+2     9.4 

IS     10     17.0  1 

+  20  15  36.3 

,,0.520 

11.7,115 

1  1    is 

19 

72 

6  .  6 

+  o     1.84 

-0  16.4 

IS    17    17.20 

+  20  2;i  32.6 

,,'.'.1111 

0.115 

11 

1  1     6 

11 

74 

7  .  6 

+  0  20.76 

-1    16.6 

18  40     6.11 

+  21   10   51.0 

,,0.1S5 

0.1(17, 

12 

li'  26 

39 

76 

lo  .  7 

-0  28.16 

+  o  21.6 

18  38   1  1.56 

+  21  27  21.0 

,,0.7,21 

0.1S1 

13 

11  31 

37 

77 

14,10 

-0  14.71* 

+  2  33.8 

is  36  13.38 

+  21  38  10.2 

,,0.107 

O.I07 

15 

12  i".' 

54 

78 

lo  .   Ill 

-0     6.70 

-2     6.0 

is  32     s.so 

+  21  58  54.8 

,,0.17  1 

0.450 

16 

12  20 

11 

70 

10  .  10 

-0  21.39 

-4     1.2 

18  30    5.64 

+  22    s  :;:;.i 

„0.|S1 

0.436 

is 

l:;  27 

2 

81 

10  .  lo 

-0     8.32 

-t-1  43.7 

is  25    lo.lo 

HI  27  .",0.2 

,.0.1  70, 

0.373 

23 

1  1  51 

22 

83 

5 

+  0  54.6 

+  23     0  55.2 

0.344 

15   H> 

10 

83 

8 

-1      3.10 

18  15    0.65 

,,0.17.:; 

24 

11    27 

23 

84 

it; .  7 

_(•  38.80 

-2  37.9 

is    13    11.7,1 

+23  12  :;;;..". 

„0.40S 

0.436 

31 

11    li' 

36 

85 

15  .  9 

-1     1.52 

-()  56.4 

17  58     2.10 

+  2:;   17  23.9 

„o.:;i2 

0.358 

12     9 

10 

86 

—  0     5.53 

-4  26.1 

17  45  1  1.27 

+  24      1       1.1 

,,s.s51 

0.310 

7 

11      10 

37 

88 

10 

-5  29.8 

+  24     1  7.:;.  7 

0.320 

9 

13  10 

31 

90 

10,8 

-o'   3.41 

-1  52.1 

17*  38  7,7,.ol 

+  24      2  2 1.1 

0.020 

0.318 

13 

13  i'l 

.-,ii 

91 

10  ,  10 

-0     1.22 

-3  21.9 

17  30  7,1.01 

+  2;;  58   13.8 

0.205 

0.342 

1  1 

13  19  43 

92 

10,  10 

+  o    0.86 

-2  29.8 

17  is  54.67 

+  2.",   56  7,5.0 

9.303 

0.350 

28 

li  55 

40 

93 

10,10 

-0     7..07. 

+  4  22.3 

17     4  32.72 

+  23     0     1.5 

&8.940 

0.342 

July    4 
5 

11     15 

3 

95 

8  .  6 

-o     2.80 

+  0     1.5 

10  :,:,  12.20 

+  22  20  2l.s 

0.20 1 

0.380 

1  1    LO 

41 

07 

10,8 

+  o     0.95 

-0  41.2 

ir,  7,1  21.7,1 

+  22   i:;   16.0 

9.212 

0.384 

11 

11'    11 

11 

98 

lo.S 

-0  12.78 

+  0  51.1 

10   10  53.18 

+  21   20    1  1.5 

9.7,00 

0.522 

12 

11    is 

37 

101 

10,  8 

-ii  14.95 

+  2  19.6 

16  45  49.57 

+  21  19     1.7 

0.101 

0.471 

11    19 

16 

103 

10 

_0     3.51 

10  45    18.40 

0.50  1 

15 

11    17 

56 

104 

K)  ,  8 

+  o  15.54 

-2  32.5 

16    12  :;7.S7 

*  2"  54*   1.3 

9.528 

0.494 

11    18 

26 

106 

lo.s 

+  o     7.31 

+  o  55.8 

10   12  39.31 

+  20   7.1      S.l 

0.17,7, 

0.465 

Lug.    1 

lit  32 

3 

lo.s 

10,8 

-0    17,.  OS 

+  2  11.4 

10  20  41.44 

+  18   21    17.0 

0.7,12 

0.529 

2 

9   17 

36 

111 

10,8 

_0     7.83 

-2  7.7.7. 

16  20  H.o.". 

+  1S  17,  56.9 

0.200 

0.486 

5 

9  25 

9 

112 

10,8 

_0    3.88 

+  2  47.0 

16   27    17,. 07, 

+  17  48   10.7 

0.107, 

0.511 

6 

9  16 

9 

114 

10,8 

+  o  12.78 

-3  11.0 

10  27  21.30 

+  17  39  7,7.;; 

9.396 

0.511 

8 

11   32 

31 

115 

10  .  8 

-0  11.32 

-1    7,7,.  1 

10  20  32.39 

+  17  21    13.9 

9.647 

0.022 

'.i 

10   li' 

10 

117 

10  ,8 

+  0  10.36 

+  0     6.0 

16  26  12.21 

+  17  12  50.7 

0.7,17 

0.560 

.1/,  <ni   Places  for  1896.0  of  Comparison- Stars. 

* 

a 

Red.  to 
app.  place 

s 

Red.  1., 

Am]  1 

lo 

19    10  17.94 

+  o>_< 

+    S     '.1   1  l.s 

15.0 

■    Munich  [,  21672 +  W.B.  XIX,  983) 

7,11 

lo  39   10.30 

+0.65 

+  s  i's  38.7 

-15.2 

Tucker,  L.i  >.  meridian  circle 

51 

31.10 

+  0.77 

+  0  7,:;    1  1.2 

17,.; 

Micron                                      ^~>- 

52 

10  36  13.38 

+    0    10       1.5 

-15.7 

Schjellerup  7532 

7,:; 

lo  37   14.32 

+  10    11    .V.l.  1 

-15.7 

arison  with  >(c5  l 

7,1 

1:1  34  23.98 

1  lo     9     i.;i 

-15.0 

lerup  77,00 

:•:, 

lo  36 

+  1o  46     0.0 

- 1 5.S 

ixison  vi  ith  *7,o 

7,0 

lo  39   15.68 

+  lo  :;..i    n.:; 

-15.6 

KW.B.XIX,971+Murjich  1.  21643) 
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* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app,  place 

A  uthority 

57 

h 

19 

30" 

27.32 

+  L09 

+12°  43 

2D.0 

-io!'o 

Micrometer  comparison  with  ^c5.s 

58 

19 

32 

56.33 

+  1.1  IS 

+  12  42 

19.0 

—  10.1 

Schjellerup  7 182 

59 

19 

27 

31.95 

+  1.18 

+  13  35 

17.1 

-10.7 

Micrometer-comparison  with  %oo 

GO 

19 

28 

59.89 

+-1.16 

+  13  38 

55.0 

-10.5 

',,:•  Schj.7429  +  W.B.  XIX,  683) 

CI 

19 

26 

35.85 

+  1.20 

+  13  52 

10.8 

L6.6 

Micrometer-comparison  with  >(c02 

02 

19 

23 

15.31 

+  1.22 

+  13  51 

38.3 

-10.7 

WW.i:.  XIX, 524  + Munich  1,20309) 
Micrometer-comparison  with  %M 

63 

19 

25 

27.58 

+  1.23 

+  14  10 

15.8 

-16.6 

64 

10 

22 

46.82 

+  1.25 

+  14     4 

20.0 

-10.7 

';(2  Munich  11,8747  +  1   W.B.  XIX,  511, 
Micrometer-comparison  with  :+c00 

65 

19 

22 

22.91 

+  1.33 

+  14  50 

42.1 

-16.6 

66 

19 

24 

40.72 

+1.32 

+  14  58 

1  1.2 

-16.5 

Auwers,  Berlin  A.G.  Catal.  7480 

67 

19 

21 

L7.05 

+1.37 

+  15  21 

1.7 

-16.6 

"           "         "         "      7435 

68 

19 

19 

20.07 

+  1.41 

+  15  31 

38.0 

-10.6 

Tucker,  L.( ».  meridian  circle 

69 

19 

16 

59.50 

+1.49 

+16     4 

15.  1 

16.6 

Micrometer-comparison  with  *70 

70 

19 

17 

15.83 

+1.48 

+  10     8 

11.2 

-16.6 

Tucker,  L.( ).  meridian  circle 

71 

18 

49 

58.56 

+  2.10 

+20  13 

13.1 

-    10.2 

Becker,  Berlin  /L  G.  Catal.  6726 

72 

18 

47 

43.32 

+  2.13 

+  20  30 

5.2 

-16.2 

Micrometer-comparison  with  ^73 

7:; 

18 

50 

3.94 

+  2.12 

+  20  20 

3.0 

-16.1 

Becker,  Berlin  A.G.  Catal.  6729 

74 

18 

39 

43.09 

+  2.20 

+  21  18 

53.9 

-15.7 

Micrometer-comparison  with  >(c75 

75 

18 

38 

40.43 

+  2.20 

+  21  27 

17.0 

-15.7 

Becker,  Berlin  A.G.  Catal.  0015 

76 

18 

38 

40.43 

+  2.20 

+  21   27 

17.9 

-15.5 

••        0015 

77 

18 

36 

25.77 

+  2.:;:; 

+  21  35 

51.7 

-  15.3 

"          «          «       "      6601 

78 

18 

32 

13.18 

+  2.41 

+  22      1 

10.1) 

-15.2 

_  "          "         "       »      6565 

79 

18 

30 

24.59 

+  2.44 

+  22  12 

49.2 

-14.9 

Micrometer-comparison  with  *80 

80 

18 

30 

48.30 

+  2.44 

+  22  13 

43.6 

-14.9 

Becker,  Berlin  A.G.  Catal  6548 

81 

18 

25 

55.21 

+  2.51 

+  22  26 

1.2 

-14.7 

Micrometer-comparison  with  *82 

82 

18 

27 

34.28 

+  2.5D 

+  22  20 

10.7 

-14.0 

Becker,  Berlin  A.G.  6519 

83 

18 

16 

1.50 

+2.64 

+  23     6 

1  1.1 

-13.8 

"           "         "     6419 

84 

18 

13 

47.04 

+  2.07 

+  23  15 

24.9 

-13.7 

"           "          "     6398 

85 

17 

59 

0.84 

+2.87 

+  23  48 

32.5 

—  12.2 

..     6277 

86 

17 

45 

16.84 

+  2.96 

+  24     5 

1 1 .5 

-1L0 

Micrometer-comparison  with  >tc87 

87 

17 

45 

2.12 

+  2.90 

+  24  12 

20.7 

-11.0 

Becker,  Berlin  A.G.  Catal.  01  17 

88 

17 

43 

18.11 

+  2.98 

+  24     7 

34.2 

-10.7 

Micrometer-comparison  with  *89 

89 

17 

39 

36.17 

+  2.00 

+  24     7 

24.5 

-10.8 

Becker,  Berlin  A.G.  Catal.  6111 

90 

17 

38 

55.4 1 

+  3.01 

+  24     4 

26.7 

-10.2 

Micrometer-comparison  with  ;+c89 

91 

17 

30 

50.05 

+3.08 

+  24     2 

15.1 

-  9.4 

Becker,  Berlin  A.G.  Catal.  6034 

92 

17 

28 

50.72 

+3.09 

+  2:;  59 

34.0 

-   9.2 

"           «         ••'         ••      6024 

93 

17 

4 

34.60 

+  3.17 

+  22  55 

15.6 

-   6.4 

Micrometer-comparison  with  ;+c94 

94 

17 

7 

10.46 

+  3.17 

+  22  51 

5.3 

-   6.4 

Becker,  Berlin  A.G.  Catal.  5882 

95 

16 

55 

41.87 

+3.13 

+22  20 

2S.0 

-  5.3 

Micrometer-comparison  with  ^t9G 

96 

16 

51 

54.93 

+3.12 

+  22   16 

15.6 

-   5.4 

Becker,  Berlin  A.G.  Catal.  5771 

97 

16 

54 

17.44 

+  3.12 

+  22   1  1 

2.9 

-  5.1 

Micrometer-comparison  with  *00 

98 

16 

47 

2.S5 

+  3.11 

+  21  25 

57. 8 

-  4.4 

"                   ••                 ••      *99  and  *K>(> 

99 

16 

50 

3S.21 

+  3.12 

+  21  32 

0.8 

-    1.4 

Becker,  Berlin  A.G.  Catal.  5768 

100 

16 

49 

17.00 

+  3.12 

+  21  20 

33.9 

-   4.3 

101 

16 

40 

1.12 

+  3.10 

+  21   16 

40.4 

-   4.3 

Micrometer-comparison  with  %102 

102 

16 

IS 

12.03 

+  3.11 

+  21     8 

19.3 

-    1.3 

Becker,  Berlin  A.G.  Catal.  5755 

in:: 

16 

45 

4S.7.S 

+  3.13 

+  21    21 

17.1 

-  4.1 

Micrometer-comparison  with  >(clni) 

104 

16 

41 

19.31 

+  3.02 

+  2D  56 

35.6 

-  1.8 

"             ••     *105 

105 

16 

38 

59.98 

+  3.01 

+  20  o4 

43.8 

-   1.9 

Becker,  Berlin  A.G.  Catal.  5706 

106 

16 

12 

28.98 

+  3.02 

+20  53 

1  I.I 

-  1.8 

Micrometer-comparison  with  >(cl07 

107 

16 

39 

5.01 

+3.01 

+  20  53 

:;:;.:; 

-  1.9 

Becker,  Berlin  A.G.  Catal.  5707 

108 

16 

29 

53.65 

+  2.S7 

+  18  22 

8.2 

-  2.6 

Micrometer-comparison  with  ^109  and  *llo 

L09 

16 

33 

1.37 

+  2.SS 

+  l.s  30 

5.8 

-   2.4 

Auwers,  Berlin  A..I :  1  al      5957 

110 

16 

34 

18.50 

+  2.S9 

+  ls  23 

51.9 

-  2.4 

"            "         ■■         ••      5968 

111 

16 

29 

16.60 

+2.86 

+  18  is 

56.9 

-   2.5 

Micrometer-comparison  with  ^c  109  and  =+;  1 1 0 

112 

16 

27 

17.00 

+2.83 

+  17  46 

1.2 

-   2.1 

••     *113 

113 

16 

20 

15.4'.) 

+2.83 

+  17  43 

20.2 

-   2.5 

Luwei   .  Berlin  A.G.  Catal.  5920 

114 

16 

27 

9.27 

+2.82 

+  17  43 

16.9 

-   2.4 

Micrometer-comparison  with  >K  1 13 

115 

16 

26 

40.91 

+  2. Si) 

+  17  23 

11.7 

-   2.1 

■•     *U6 

116 

16 

26 

19.47 

+  2.S0 

+  17  25 

52.3 

2.4 

\      ■  !-.  Berlin    LG.  Catal.  5922 

117 

16 

25 

59.07 

1-2.78 

+  17  12 

50.1 

-    2.1 

Micrometer-comparison  with  ^  118  and  >M10 

118 

16 

27 

49.35 

+  2.79 

+  17     4 

6.7 

-    2.1 

Lu-wei  .  Berlin    LG   l   ital  5926 

119 

16 

30 

46.57 

+  2.80 

+  17  16 

18.1 

-   2.4 

"         «         -      5945 
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pi  on   March  22.  2:',.   Maj   2:'..  21  and  81,  tin-  differences  oi 
right-ascension  were  measured  directly  with  the  micrometer. 
•us  were  made  with  the 
equatorial. 


Prof.  Ti  'Mi:  lias  kindlj  determined  the  places  of  a  number  of 
comparison  stars  with  the  meridian  circle. 


ML  Hamilton,  1896  /<  ■  , 


MK'kn.MKTKIC    OliSKUVATIONS   OF   THE   SATELLITE   OF    XKI'TLXi:, 


Bi   .1.   M.  SCHAEBERLE. 


The  presenl  series  of  observations  forms    the   continu-  I  Journal.     Unless  otherwise  stated,  the  measures  were  made 
published  in  no.  340  o  I        nomical     with  bright  wires,  and  a  magnifying  power  of  520  diameters. 


Pac.  Stand- 

Position 

Dls- 

No.ol 

1  .''-marks 

Date 

Pac.  Stand- 

Position 

Dis- 

No. of 

Remarks 

ard  Time 

i  omp. 

ard  Time 

Ijigle 

tance 

Comp. 

lSSi 

b       m 

h       in       s 

Oct, 

21 

L2  31    13 

12  50   15 

219.95 

1  l .  1 8 

(i 
10 

Telescope  sway- 
ing 

Dec.   31 

7  56    1" 

8  15    6 

248.83 

L6.76 

5 
10 

Poor  seeing 

L3     9  16 

218.26 

5 

8  35  47 

217.71 

5 

12     1   15 

314.59 

7 

1806 

Jan.      1 

8    12  58 

201.15 

5 

Fixed  wire 
broken 

Oct. 

25 

L2  25  20 
12  39  52 

11   32  16 

311.63 
258.06 

10.58 

in 
6 

5 

Poor  seeing 

Jan.      2 

8  39    4 

8  59     6 

9  L6  23 

112.91 

111.39 

11.96 

5 

10 
5 

Poor  seeing 

Oct. 

27 

11    16  56 

16.52 

10 

Poor  seeing 

11   58  37 

257.58 

5 

Feb.    21 

7  40  40 
7  5G  18 

292.22 

11.61 

5 

1(» 

Satellite  verj 
faint,  owing  to 

1 1   23  56 

216.36 

r. 

8     C»  19 

290.66 

5 

thin  i-louds 

Oct. 

28 

11  38  44 

L3.68 

Hi 

Seeing  3 

11   52  21 

215.50 

5 

Oct.    16 

12  21   55 
12  59    19 

L02.04 

13.90 

'     5 
10 

Si  rang  wind; 
telescope  s\i ax- 

11   29  26 

L29.86 

7 

Satellite  very 

13  19     0 

98.94 

5 

ing  badly 

Oct. 

29 

1  1      I'.l        1 

L0.99 

11 

faint,  ouiti".  to 

12     8     4 

L28.50 

5 

moonlight 

11'  34  17 

59.67 

5 

11      7  13 

202.15 

6 

Oct.    17 

12  57  56 

13  28  23 

58.79 

16.30 

11 
5 

Thick  sky;  satel- 
lite M'iv  faint 

Nov. 

9 

11   38     8 

12.04 

10 

L2      1    15 

199.01 

5 

11    i:;   15 

L62.81 

5 

Satell.  faint  and 

Nov. 

it; 

10    19  34 

in     n  r,7 

105.4  1 
240.86 

5 
5 

Strong  « iii'l  : 
telescope  sway- 
ing badly 

Oct.    27 

11  59   11 

12  17      1 

11  11  36 

L61.85 
92.03 

10.(17 

11 
5 

5 

blurred :  si  rong 
n  iii.i  swaying 
telescope 

Nov. 

20 

10   L5    13 
10  28  35 

240.38 

16.81 

5 

Mag.  power  800 
diameters 

Oct.    28 

11   27  01 
11    11    L6 

91.35 

L5.30 

10 

Mag.  power  800 

iliainrters 

Dec. 

1 

8  39  34 
L0   L8  25 

274.03 
270.65 

6 

4 

( ilis'il  with  dark 

bright 
tii-lil  due  to 
moonlight 

Oct.    29 

in   15  23 

11    27    IS 

52.53 

L5.49 

5 
10 

I  In  k::kv    hler 
satellite  could  no 
longer  In-  seen 

Satellite  verj 

7 

9  ]:■■  18 
9   17     3 

266.40 
264.84 

15.54 

5 

10 
5 

Oct.    30 

12  11   39 

13  0  32 

L2  58   15 

334.10 
260.51 

L0.09 

5 

10 

5 

faint :  later  both 
satell.  and  \  ep- 
isible 

Wind  swaying 

9     3  35 

L54.20 

5 

Nov.     6 

13  25  L0 

L6.72 

Ki 

[excel- 

Dec. 

'.I 

9  13   15 

10.23 

10 

i:i   11  58 

258.45 

."> 

lent  seeing 

'.)  29     3 

L53.30 

6 

16  Dec.  21. 
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TRAJECTORY  OF  THE  POLE,  FOK  <  '<  >MP1  TI  \'<  J  LATITUDE-VARIATIONS  EN'  L897, 

r.\  s.  C.  CHANDLER. 
The  following  tables  for  finding  variations  of  latitude  in 
L897  are  a  continuation  of  those  given  in  A.J.  XV,  193. 
The  basis  is  the  same,  and  full  explanation  has  been  there 
given.  Polar  as  well  as  rectangular  coordinates  are  given. 
The  variations  of  latitude  for  any  place  in  longitude  A 
(reckoned  positive  west  from  Greenwich),  are  found  by 
either  of  the  two  formulas, 

q  —  q0  =  x  sin" A  —  ^cosA,       or     —  >'cos(<«  +  A) 
according  to  convenience.     Or  the  variations  may  be  com- 
puted directly,  without  the  use  of  the  coordinates,  by  means 
of 

<j>-<r„  =   —  r1cos[\+(*— T^ff\   -/■,  cos(O-G') 

where  Tx ,  6  and  i\  may  be  taken  from  the  table  at  top  of 
p.  194,  I.e.,  and  the  constants  r.,  and  67'  may  be  found  from 

r.,  sin  67'  =    —  0".0550  sin  A 

r.,cosG'=    — 0".0953  sinA  +  0".1100  cos  A 

See  A.J.  XIV,  132,  where  these  constants  are   given   for 
various  stations.     Or  we  may  use 

<r-r/„  =   -ri.cos[\+ (t-TJO] 

— 0".ll  cosA  cos©  +  0".ll  sinA  sin  (0-300°) 

All  four  of  the  above  formulas  give  absolutely  identical 
numerical  results.     O  is  the  longitude  of  the  mean  sun. 

Coordinates  of  the  Pole  fok  1897. 


1897 

Rectangular 

Polar 

X 

y 

r 

a 

Jan.      4 

+  0.019 

+  0.159 

0.160 

6.8 

24 

.093 

.174 

.198 

28.2 

Feb.    13 

.157 

.171 

.233 

42.6 

Alar.     5 

.208 

.154 

.259 

53.6 

25 

.237 

.117 

.266 

63.7 

Apr.   14 

.244 

.067 

.254 

74.7 

May     4 

.226 

+  0.009 

.226 

87.7 

24 

.186 

—  0.053 

.194 

105.9 

June  13 

.126 

.110 

.167 

131.1 

July     3 

+  0.054 

.159 

.168 

161.2 

23 

-0.025 

.193 

.195 

187.4 

Aug.  12 

.101 

.209 

.232 

205.8 

Sept.    1 

.166 

.204 

.264 

219.1 

21 

.215 

.178 

.279 

230.4 

Oct.    11 

.242 

.133 

.276 

241.2 

31 

.244 

.073 

.255 

253.3 

Nov.  20 

.223 

—0.006 

.223 

268.5 

Dec.    10 

.178 

+  0.065 

.189 

290.1 

30 

.115 

.128 

.172 

318.1 

50 

-0.042 

+  0.182 

0.187 

347.0 

The  variations  of  latitude  for  four  principal  meridians 
are  given  below.  Those  for  Greenwich  may  be  taken 
directly  from  the  first  table,  being  the  values  of  y  with  the 
opposite  sign. 

Cambridge,  1896  Dec.  29. 


Variations  or 

I.A  I  in  in: 

in   1897, 

<l  -fa- 

1897 

Pulkowa 

Bl  i  lin 

Paris 

Washington 

Jan.       1 

-0.147 

-0.159 

-0.160 

-0.017 

24 

.197 

.192 

.ITS 

+  0.052 

Feb.    13 

.227 

.204 

.177 

.115 

Mar.     5 

.238 

.198 

.162 

.169 

25 

.22] 

.169 

.126 

.205 

Apr.    1  1 

.181 

.122 

.077 

.223 

M:iv        1 

.122 

0.060 

-0.018 

.218 

21 

0.0  is 

1  0.009 

+  0.046 

.193 

June  13 

+  0.03] 

.078 

.105 

.1  IS 

July      3 

.110 

.142 

.  1 57 

.090 

23 

.179 

.194 

.194 

+  0.019 

Aug.   12 

.231 

.227 

.213 

-0.1(52 

Sept.     1 

.260 

.237 

.211 

.116 

21 

.262 

.22 1 

.187 

.171 

Oct.    11 

.2:;: 

.186 

.143 

:^n; 

31 

.186 

.128 

.OS  2 

.222 

Nov.  20 

.118 

+0.058 

+  O.01.-, 

.216 

Dec.    10 

+0.034 

-0.022 

_  0.058 

.187 

30 

0.052 

.098 

.123 

.14] 

50 

-0.136 

-0.168 

-0.180 

-0.082 

Since  the  above  formulas  were  derived  entirely  from 
observations  made  previous  to  1894.0,  the  comparison  with 
observation  since  that  epoch  gives  an  idea  of  the  accuracy 
with  which  predictions  can  be  made.  Such  a  comparison, 
using  a  normal  observed  series  of  values  of  r/  —  </„  fifty 
days  apart  from  1894.0  to  1896.5,  based  on  the  combined 
observations  by  Talcott's  method  at  five  European  stations. 
gives  an  average  difference  without  regard  to  sign  of  only 

±0".041;  which  is   sensibly   not   greater   than   the    l r 

tainty  of  the  observed  points  themselves,  or  than  the  cor- 
responding quantity,  ±0".035,  for  the  interval  1 889.(1  to 
1S94.0.  There  can  be  no  reasonable  doubt  that  predictions 
of  the  movements  of  the  pole  may  now  be  made  for  several 
years  in  advance  within  the  limits  of  the  accuracy  with 
which  they  can  be  determined  by  the  most  refined  methods 
of  observations  conducted  at  a  series  of  stations  well  adapted 
for  the  purpose.  An  investigation  will  shortly  be  printed 
demonstrating  this  and  several  other  interesting  propo- 
sitions. Among  these,  I  permit  myself  to  mention  here 
the  fact  that  a  discussion  of  the  whole  series  of  observa- 
tions from  1889  to  L896.5  demonstrates  that  the  radius.  r1} 
of  the  428-day  revolution,  has  been  diminishing  in  accord- 
ance with  the  law  of  eq.  (52)  announced  in  A.J.  322,  and 
indeed  at  a  slightly  greater  rate.  It  is  now  only  0".12, 
whereas  at  tin'  beginning  of  the  decade  it  was  0".19.  1 
maj  further  say,  briefly,  that  the  comparison  of  the  o 
vations  at  Kasan  in  L895  and  L896,  in  conjunction  with 
those  in  middle  Europe,  confirms  the  tact  of  the  remark- 
able eccentricity  of  the  annual  ellipse,  which  was  developed 
from  the  previous  European  and  American  observations. 
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EpHEMEKIS    fob   GREENWICH    .Mi  \n    Midnight 


EPHEMERIS  OF  COMET/ 1896  (pessine), 

Bj  C.  D.   I'l  i:i;i\  i 
189 


1891 


Max. 


Apr. 


L.5 

5.5 

9.5 

L3.5 

1 7.5 

21.5 

25.5 

L.5 

5.5 

9.5 

13.5 

17.5 

21.5 

29.5 
2.5 
6.5 


App.  a 

is.) 
18.3 
18.1 
17.8 
17,1 
16.8 
16.0 
14.8 
13.2 

37.0 
30.8 


19 

is 
17 


38.1 
31.9 


L6  i: 

17  15 

19  is 

20  7.7 
22  1 1 
24  11 
26  19 
29  L3 
:;i  55 
35  1 
38  35 
42  15 
47  38 
53  20 
59  7.7 
(57  21 

-71  48 


Log  A 

0.291 
0.280 

0.252 

0.215 

0.170 

0.114 

1 i |  i5i  i 

9.982 
9.917 


Br. 

1.8 
2.0 


2.9 
3.5 
1.2 
5.2 
6.2 


n 

A],[,.  a 

A.pp.8 

log  A 

Br. 

10.5 

14  50.1 

-79   16 

9.893 

6.2 

1  1.7, 

11  48.2 

77>  55 

L8.5 

in  29.0 

68  22 

9.91  l 

7..(i 

22.5 

'.»  :,:,r, 

60  26 

26.5 

38.9 

53  13 

9.97  I 

3.4 

30.5 

29.7 

17      ii 

1.7, 

24.5 

11     17, 

0.050 

2.1 

8.5 

21.6 

.'  1 7    L'  1' 

1 2.5 

'.i  20.1 

-33  51 

0.126 

1.4 

Apr. 


May 


Brighl  in       "M  N<i\ .  2  unity. 

This  ephemeris  is  based  upon  my  last  elements  as  given 
in  do.  389  of  this  Journal. 

The  correction  on  Dec.  9  was  (O— C)  : 

a  =   +  18.6     ,     8  =   +37" 

While  not  so  reliable  as  if  based  on  a  later  orbit,  the 
above  ephemeris  should  be  sufficient  for  finding  purposes. 


Mi.  Hamilton,  1896  Dec.  15. 


NOTATION   OF   RECENTLY  DISCOVERED  VARIABLES. 




1900 

1855.0 

Red- 

Magnitudes 

V 

Star 

B.A. 

Decl. 

Annual  Variation 

R.A. 

Decl. 

ness 

Max. 

Min. 

169 

W  s    ilptoris 

0  28  L5 

-33°  25.6 

+2.96 

+0.33 

h       in       s 

ii  26     1 

-3:;"  ii i.5 

_ 

8.5 

<10.5 

85  l 

S  Horologii 

._>  .>■_>  .»•_» 

-60     1.2 

1.72 

+0.27 

2  21     5 

-60  13.5 

- 

9.7 

<12.7 

2335 

W  Geminorum 

6  29  14 

+  17,  24.5 

3.44 

-0.04 

6  26  39 

+  15  26.3 

- 

6.8 

7.6 

2933 

)    Puppis 

8     8  51 

-34  50.3 

2.29 

0.18 

8     7     8 

-34  42.4 

- 

8.1 

Ki.ii 

3244 

S  I ' 

9     0  41 

-24   41.4 

2.64 

0.24 

8  58  42 

-24  30.8 

- 

8.3 

11 

3518 

Y  Hi/drae 

'.i  n;  27 

_22  33.0 

2.77 

0.28 

9  44  22 

-22  20  4 

- 

6.5 

117 

1056 

tauri 

11  16     6 

-61   19.6 

2.61 

0.33 

11   14     '.i 

-61     4.8 

- 

9.2 

<12.9 

1481 

V  '  'rucis 

12  26  50 

-57     1.7 

3.30 

0.33 

12  - 1  22 

-;,t\  16.8 

- 

10.3 

13.2 

1665 

l;T  iv 

12  7,7  34 

+  5  4:;.:; 

.",.04 

0.32 

12  55  18 

+  5  57.9 

- 

8.8 

9.7 

5099 

/,7,'  <  •  ntauri 

14    9  55 

-57  23.3 

1.19 

0.28 

11     6  4  7 

-57   ln.5 

- 

7.47 

7. si 

5796 

BX  S 

16     5  56 

-24  38.4 

3.61 

0.16 

16     3  14 

-24  31.2 

- 

9 

12 

5798 
6160 

EV  Hermlis 

L6     6     2 

+  25   I'.i.s 

2.52 

0.16 

16     1     9 

+25  27.0 

- 

7.(1 

<10 

HT  Herculis 

17     6  47 

+27  10.8 

•.'.in 

0.08 

17      1  58 

+27  14.3 

- 

8.9 

<10 

6385 

I!  Y  Scorpii 

17   It   ic, 

-37!  40.5 

3.96 

-0.02 

17    11    is 

-33  39.4 

- 

6.9 

8.8 

6549 

IV  I/yrae 

18  11   28 

+36  38.1 

2.08 

+0.02 

18     9  51 

+  36  37.4 

- 

8.5 

12 

6686 

ronae  Austr. 

is  ::|    17 

_37  55.6 

1.10 

0.05 

is  31   11' 

-37  57.8 

- 

8.9 

<ll,s 

672 1 

V  Coronae  Austr. 

18    10    11 

-38    17,.  7 

4.11 

0.06 

is  37  36 

-38  18.3 

- 

9 

<10.5 

6901 

/,'  F   - 

19  10     2 

-33   11.8 

3.92 

0.10 

19     7     4 

_33   16.3 

- 

6.1 

<ii.:; 

/,'/,'  ' 

20  56  23 

-27  29.0 

3.57 

0.23 

20  53   13 

-27  39.4 

- 

'.i 

<l(l.5 

7792 

SS  '  'ygni 

21   38    17 

+43     7.6 

2.35 

0.27 

21   37     1 

+  11'  55.4 

- 

7.2 

11.2 

Z  Aquarii 

23    17     7, 

-16  24.7 

+3.09 

+0.33 

23   M    15 

-16  39.7 

- 

8.2 

9.3 

CON  T E X  T S  . 
The  Si  rbations  op  Mercury  Akising  from  the  Action  ov  Saturn,  nv  Mr.  Eric  Doolittle. 

New  Asteroid. 

.  395  IV.  bi    Mi:    C.  D.   Pi  rrine. 

MlCROMETRIC  -    01      1111.    SATELLITE    O)     NEPTUNE,    BV    PROF.  J.    M.    SCHAEBERLE. 

iino  Latitude-Variations  in  1897,  by  Dr.  S.  C.  Chandler. 
Ephemj  ISRINE  .  BY  Ml:.  C.    l».   Perrine. 

Notation  of  Recently  Discovered  Variables. 
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NOTES   ON   VARIABLE    STARS,  —  No.  16, 

By  HENRY  M.   PARKHTJRST. 


6900  was  recorded  upon  m\  star-maps  (American  Journal 
of  Science  and  Arts,  September,  L869),  on  four  dates  in 
1861,  from  which  the  first  maximum  is  estimated.  Com- 
bining with  the  maximum  given  in  ./../.  ;;;!'.».  the  period  of 
485  days'  results. 

7162  was  in  the  region  mapped  on  five  dates  in  1861 
with  the  star-mapper,  and  also  in  the  region  mapped  on  six 


dates  in  L865  with  the  photo-mapper,  recording  positions 
and  photometric  magnitudes  (American  Journal  of  Science 
and  Arts,  January,  1870).  The  most  plausible  period  ap- 
pears to  be  218  days. 

726(1  was  in  the  region  mapped  on  two  dates  in  1861  ; 
neither  satisfactory;  but  probably  invisible.  The  interval 
is  too  great  to  assist  in  fixing  the  period. 


Results  of  Observation's. 


Observed  Date 

Xo. 

Star 

Phase 

Julian 

Calendar 

E 

Corr. 

W 

Remarks 

6871 

V  Lyrae 

Max. 

3819 

Sept.  16 

;i 

-12 

3 

Two  equal  maxima 

" 

" 

Max. 

3851 

Oct.    is 

3 

+  20 

8 

6888 

B  W  Sagittarii 

Max. 

3796 

Aug.  24 

- 

- 

7 

PEBltv's  observations  indicate  September  1 

6892 

RX  Sagittarii 

Max. 

3777 

Aug.     5 

- 

- 

2 

Probably  earlier 

689  1 

S  Lyrae 

Max.: 

,-175.-, 

July  14 

- 

- 

1 

An  uncertain  intermediate  appearance 

6900 

W  Aquilae 

Max. 

111188 

July  31 

O;-, 

- 

1 

1861;  star-maps.    See  note  above 

" 

" 

Max. 

3121 

Oct.    19 

0 

- 

0 

isii4:  A.J.  339 

" 

a 

Min. 

3363: 

.lime  IS 

1 

- 

0 

1895 

" 

" 

Min. 

."..SIS: 

Oct.    15 

•_> 

- 

0 

1896 

6903 

T  Sagittarii 

Max. 

3799.9 

Aug.  27 

1 

+  31 

'.) 

1'i:im;\  independently  corroborates.      Last  interval  416 

days.      Mean  period  probably  about  -1:37  days. 

6905 

I:  Sagittarii 

Max. 

3818.5 

Sept.15 

41 

-   6 

if 

( — .").     Depends  upon  observation  of  September  16 

6923 

Z  Sagittarii 

Mm. 

3803 

Aug.  ;:i 

7 

- 

(1 

Assumed  midway.     Period  of  162  days  indivisible 

7118 

X  Aquilae 

Max. 

3749 

duly     8 

3 

+  15 

6 

(-3) 

7155 

I!  R  Aquilae 

Max. 

3745 

July    4 

1 

-34 

6 

7162 

RS  Aquilae 

Max. 

3762 

July  21 

- 

- 

;; 

See  mite  alio\  e 

7234 

/i  ( 'apricomi 

Max. 

3840 

Oct.      7 

39 

-   5 

K 

Correction  diminishing 

7242 

S  Aquilae 

Max. 

3839 

Oct.      6 

77 

-10 

6 

From  Parkhi  brt's  observations 

a 

» 

Max. 

3842 

Oct.      0 

77 

-   7 

.'I 

From  Perri  's  observations 

" 

" 

Min. 

3898 

Dec.     4 

78 

-25 

■_> 

" 

7257 

/,'  Sagittae 

Max. 

:'M\r, 

Nov.    2 

I'.U 

+    1 

■> 

Secondary  max.     From  Peret's  observations 

7260 

'/,  Aquilae 

Max. 

;t77 1 

Aug.    2 

5 

+   7 

(i 

(C 

" 

Min. 

:;.sl".) 

Sept.  26 

6 

- 

5 

invisible  more  than  a  month.    M — m  —  68 

" 

" 

Max. 

3888 

Nov.  2  1 

(i 

-    0 

7 

The  interval  suggests  a  period  of  110  days 

7261 

/,'  Delpkini 

Max. 

3858 

Oct.    25 

40 

-:;7 

4 

i  observations  began  too  late 

7351 

RWCygni 

Mm. 

3842 

Oct.      9 

- 

5 

A  slow   ami  slight  depression,  but  the  onlj  changi 
seven  months 

in 

7399 

WDelphini 

Mm. 

3741.7 

.1  inn'  .",n 

.-.7 

—   .7 

1 

1    was   not    aware   thai    il   was  an  .1  lgol-\  ariable.      1 
silih  misidentifled 

,a 

7  156 

1!  1!  ( 'ygni 

Max. 

.",8.-,  1 

(let.    21 

19 

-17 

1 

Highest  point  in  Pi  kry's  observations 

7458 

}'  Delphini 

Max. 

3877 

Nov.  13 

4 

—   5 

'.i 

7168 

T  Aquarii 

Max. 

3910.0 

Dee      Hi 

63 

+    5 

0 

Descent  i»  ice  as  rapid  as  ascenl ;  same  as 

66 
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l\ni\  mi  Ai     «  >i:m  i:\   1.TIONS. 
Including  Observations  by  Arthur  C.  Pbrrt. 


68 
Julian 

3711.7 
3722.6 
3742.6 
3776.6 
3809.6 
3810.5 
3813.6 
3813.6 
381  1.6 
3827  5 
3833.5 
3842.5 
3859.5 
3866.5 
3888  5 
3901.5 

6888 

3755.6 
3775.6 
3777.6 
3787.5 
3787  6 
3789.6 
3789.7 
3790.6 
3797.6 
3798.6 
3799.6 
3801.6 
3804.6 
3807.5 
3807.6 
3809.5 
3809.6 
3810.5 
3811.6 
3813.5 
3813.6 
381  1.6 
3819.6 

3840.5 
3857.5 
3858.5 

3755.6 
3775.6 
3777.6 
3787.5 
3787.6 
3789.6 
3789.7 
3797  6 
3799.6 
3801.6 


71  C  Lyn 

Calendar 

ism 
May   .".1 
June  11 


July 
A.ug. 
Sept. 


Oct. 


1 
4 
6 

in 
10 
11 
24 
30 
it 
26 

\ 

24 

Dec.     7 


E  W  s 

1898 

July  M 

An-     3 


Mag. 

10.8] 
13: 

11': 
11  : 
10.3 
in.  in. 
L0.06 
9.9p 
9.9f 
L0.20, 
10.29 
10.08. 
L0.06 
lo.lo 
lo.:;; 
10.8] 

ii. 


6892  RXSagitt. 
Julian     Calendar 

1896 

3807  5    - 

3807.6 

3809.6 

3811.6 

3813.6 

3829.5 

3840.5  Oct. 

3857.5 

3858.5 


—  Cont. 
Mag. 

L2.13 

ll.Or 

L2.4p 

ll. oo 

L2.3p 

13.2 

11] 

11] 

13] 


6903  TSagitt.  —  Cont. 
Mag. 


Julian  Calendai 

who 


3807.5 
3807.6 
3809.5 
:?soo.i; 
3810.5 
3813.5 
3813.6 
381  1.6 


Sept. 


I 

4 
6 
6 

10 
10 

11 


7. SO.. 
8.3p 
7.87, 
8.2p 
8.22s 

8.13, 

8.3p 
8.3p 


o.r. 

9.36 

8.81 


Sept. 


15 
L5 

17 
17 
IS 
25 
26 
27 

29 
1 
4 
4 
6 
6 
. 

8 

10 
L0 
11 
L6 
26 


9.0p 
8.95, 

O.lr 
8.49, 

9.6p 

o.l  i- 

O.lr 
8.8p 
8.4p 
9.12, 
8.8p 
9.02 

0.1  I' 

9  16 
9.23 
9.30 
9.7p 
9.3p 
o.lr 

0.00 

9.5 

ln. I 
25     10.5 

Aug.    3 


6894  S  Lyrae. 

(Cont.  from  886.  Comp.Sts 
1896 

3711.7  Maj  31  12.4] 

3721.7  June  10  12.8 

3741.6  30  L2.6 

3755.6  July  1  I  L1.6 

.".777.0  A.ug.     M" 

3918.5  Dec.  24  12.9] 
7  dates 

6900  WAquilae. 

(Coiit.from33'J.CoiTij).si 
1861 

0983  Julj   L'ii      9 

0984  27  9 
0993  A.ug.  5  9 
1020   Sept.  I   9.5 

1895 

3386.6  July  11  12] 
3418.6  An-.  12  11] 
3419.6  13  L3: 
34  lo. 6  Sept.  12  13: 
3478.5  Oct.  11  13: 
3510.5  Nov.  L2  12.0] 
3540.5  Dec.  VI  11] 


6905  I!  Sagittarii. 

(Continued  from  389.) 


3776.6    Aul 

3777.6 
3783.5 
3787.5 
3787.6 
3789.6 
3789.7 
:'.7oi  i.e. 
3797.6 
3799.6 
3801.6 


'155  RR  Aquilae— Coat, 
Mag. 
0.7S. 
10.28 
10.89. 
10.34 
lo.ol. 
13.0] 


Julian    Calendar 

!    M 

3753.7  Julj  12 
3759.6  18 

3766.6  25 

3774.6  An-.    '-' 
37806  8 

3870.5  Nov.    6 


.  2  12  S   iquilae 

Julian    Calendar 
isaa 

3886.4  Nov.  ■!■: 

3886.5  22 
3895.5  Dec.  1 
3904.5  lo 
3914.5  20 
3918.5  24 


162  US  Aquilae. 

Lsei 

0001'       An-.     4  to 
1019  31     10.0] 


11 
15 
15 

17 

17 
IS 


29 


3804.6  Sept.   1 


3716.6  June    5 

3721.7  lo 
3741.7            30 

►2.6  July  II 

381  1.6  Sept.  11 

3842.5  Oct.     9 


Oct.     7 
24 


15 
15 

17 

17 


29 

I 


9.5 
10.23. 

9.50 
10.70 
10.2p 
11.07. 
lii.7i- 
tl.Op 
11.6p 
11.7i- 
11. si- 


ll.I 

12.08, 

11.  is 

12.1 

13.0] 

11] 


3807 

3807.6 

3809.5 

3809.6 

3810.5 

3813.5 

3813.6 

381  1.5 

3814.6 

3819.5 

3819.6 

3820.5 

3821.5 

3823.5 

3829.5 


6903  T  Sagittarii. 

(Continued  fro 

1896 

3711.7  May  31 
3742.6  Julj      l 
3743.7 
3776.6  An- 
3778.6 


:;7s:;.5 
3787.5 
3787.6 
3789.6 
3789.7 
3790.5 
3797.6 

.',700. ii 

3801.6 


I 

6 
II 


4 
4 
6 
6 
7 

lo 
lo 
11 
11 
16 
16 
17 
18 
20 
26 


8.9 

o.l  I 

o.oo, 

8.55 

8.9p 

8.64, 

8.7p 

8.23s 

8.2p 

8.2p 

S.."i- 
7.0i- 

s.or,,, 
7.8p 
7.96. 
8.0p 

7.01., 
7.01'., 
7.8p 
7.  IS., 
7.7p 
6.29, 
7.8p 
7.51 

7.61, 

7.57. 
8.40 


5  dates 

.lui\"-Jo 
21 


2438 
2439 
2441 
2444 
24  15 
■jus 

3716.7 
3741.7 

"55.C 
3776.6 
6 
3783.6 
3786.6 
3787.6 
3807.6  Sept.  I 
y.s^.r,  25 

3841.5  Oct.  8 
3859.5  26 
3871.5  Nov.  7 


:;ii 

.liih  1  I 
An-  -I 
5 
11 
II 
15 


ll.o] 
11.7: 
11.0] 

ll.o] 
ll.o] 
11.0] 

11.0] 

10.7 

10.2 

lo.l 

10.43 

10.74 

11.0 

11.30, 

11.84! 

1  2.25! 

13.50 

13.0] 

13.7] 


Cont. 
Mag. 

lo..',,- 
10.50.. 
10.27 
10.5p 

lll.C.I- 

lo.li- 


3841.6  Oct. 

3842.6 

3848.5 

3854.5 

3859.5 

3862.6 

3866.5  Nov. 

3870.5 


//  Sagittae. 

1896 


O.lr 
O.lr 

9.3p 

O.lr 
O.L'r 
O.lr 
s.r.i- 
8.7p 


• 23  I   I!  <  'wpricorn 
tc 

13.0] 

11.00. 

11.59, 


tinned  from  385) 

ls'.«; 

3807.5  Sept.  -I 
3829.5     '-'0 

:;s:;;;.<;     30 


COL'."  Z  Sagittarii 


15 
17 
17 
is 
25 
1'7 

'JO 


3804.6  Sept.    1 


lo.s 
0.0 
O.Or 

s.J7 

8.02 

s.l  7 

7  01 

8.3p 

s.oii,, 

S.lr" 

7.96s 

7.sr 

7.7r 

8.0p 

8.0p 


(Co 

3743.6  July    2  to 

3858.5  Oct.   25     13.0] 

5  dates 

71  is  X Aquilae. 

i  ii 865.Comp.Stars339) 

1896 

3741.6  June  30 
3746.6  July  5 
3753.6  '  U 
3755.6  1  I 

3759.6  18 

7  155  /i'//  Aquilae 

3713.7  June  2 
3722.6  1 1 
3730.6  10 
3741.6  30 


7260  /.  Aqui 

1861 

0993      Aim.    5 

1021      Sept.  J 

i-'«i 

3716.6  June  5 

3755.6  Julj  11 

3759.6        '  is 

3766.6  25 
:;77J.c 
.".775.C)  Au 
3778.6 
3783.6 
."7S7.il 
3807.6  Sept.    I 

3865.5  Nov.  1 

3866.5  J 

3867.5  3 

3871.5  7 

3878.5  14 

3880.5  10 

3886.5  -'I 

3891.5  27 

3895.5  Dec.  1 

3901.5  7 


,lae. 

I- 
10]: 

12] 
9.3 
9.3 

0.7."., 
9.62, 
0.4, S^ 
9.49, 
10.97: 
ll.o:;.. 
1.",!]" 
11.5 
11.81, 
11.37, 
10.73, 
10.20, 
0.05.. 

9.80, 
9.89, 
9.94 
10.3 


7261   A'  Delphini. 
(Continued  troi 


3857.5  Oct. 
3858.5 

3864.5 
3870.5  Nov. 
3878.5 
3886.5 
1895.5  Dec. 


8.30, 
7.81, 
8.41, 
8.39, 
8.26, 
8  60 
8.75, 
0.1  is 


7351  KWCygni. 
■ 
3713.7  June    2       8  8 
3722.6  11       s.o 

3742.6  July     1       s.o 
3755.6        '    14       8.6 
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7351  /i'  II'  ( 'ygni.  - 

-Colli. 

Julia 

n    Calendar 

Mag. 

3783.6  Au'i."'M 

9.1 

3786 

5            14 

8.87 

3789 

5            17 

9.05, 

3810.6  Sept.   7 

9.08a 

3819. 

16 

9.032 

3821 

r>            18 

8.75, 

3823 

5            20 

8.90J 

3826 

23 

9.1  1 

3828 

5            25 

9  2L 

3841. 

5  Oct.     8 

9.15" 

3852 

5            19 

9.23, 

3864 

5            31 

9.08, 

3874 

5  Nov.  10 

9.122 

3880 

5            16 

8.9L 

3886 

5             22 

9.03^ 

3897 

5  Dec.     3 

9.13, 

6871   VL 

i/rae. 

Star 

DM. 

Mag. 

,/ 

+29°3492 

9.14 

V 

-r-29°3513 

9.29 

IV 

■f29°3498 

9.67 

1  IV 

+29°3509 

9.47 

X 

+29°3504 

9.56 

IX 

+  29°3493 

9.91 

Y 

-+29°3505 

9.69 

z 

+  29°3494 

10.70 

II 

0.9s  5Ap  V  10.95 

b 

L'.O.s-  4.2//  a 

10.97 

c 

3.3n2Sp  a 

11.02 

d 

1.7/(1. Op  Z 

11.05 

e 

3.8«  Lip  V  11.28 

7351   R  IV  Cygni.—Cont. 
Julian    Calendar       Mag. 

18S6  87 

3907.5  Dec.  13      8.89. 
3919.5  25      8.72] 

3930.5  Jan.     5       9.1  I 

7399  IV  Delphini. 

3712.7  June"  1       9.2 
3741.7  30     11.0] 

7450  RRCygni. 

i.v.h; 

3854.5  Oct.   21  8.2r 

3857.5  21  8.7p 

3866.5  Nov.    2  8.7p 

3871.5  7  8.9 

3886.5  22  8.7f 

3897.5  Dec.     3  8.8 


7  I5<;  RR  Cygni.     Cont. 
Julian    Calendar       Mag. 

1 3SQ 

3900.4  Dec.     6      8,7p 

3904.4  in       8.8p 

7458  V  Delphini. 

(Cont.fr :i7'-'.  Com).)  Star  SI  i 

1806 

;;7I2.7  June    I  to 

3829.5  Sept.26     L3] 


5  dates 

3858.5 

Oct. 

25 

9.81 

3859.5 

26 

Ki.ll 

3860.5 

27 

9.89 

3862.5 

29 

9.91 

3864.5 

31 

9.90 

3867.5 

Nov 

3 

9.40 

3871.5 

7 

9.50 

3878.5 

14 

9.58 

7458  V  Delphini.  Conl 

Julian    Calendar  -Man. 

3880.5  Nov.  16  9.48 

3886.5  22  9.54 

3895.5  Dec.     1  9.96! 

8901.5  7  10.12! 

7468  TAquarii. 

(Contlnui-il  from  372.) 

3513.5  Nov*  15  7.2p 

3515.5     17  7.5p 

3517.5     !'.»  7.4p 

3527.5  29  8.8p 

.••,533.5    Dec.     5  8.9i- 

L896 

3833.6  Sept.  30  11.7p 

3857.5  Oct.    21  9.6 

3859.6  26  9.7p 
3867.5  Nov.    3  9.5 


t  Kis    '/'  Aquurii. 
Julian    Calendar 

189(1 

11 


(  lOM  parison-Staks. 


1.1/ 

4 

1.1/ 
\M 
9 

1.1/ 
8 


7155  RRAquilae. 

Star          DM.  Mag.  n 

Q  _2°5151  8.76  8 

\Q  _2°5147  8.72  4 

IV  -2°5153  0.61  9 

b  $.7s±.7p  Q  10.87  2 

c  1.4//  2.2//  b  11.34  2 

d  L2n6.9flQ  11.49  6 

e  5.2s  l.Or  V  11.68  2 

f  2.0s4.1pQ  11.96  2 

i,  0.5n7.6p  V  11.98  2 

//  2.5s          0  12.20  1 

i  3.5s  ".I/-  /'  12.33  1 

j  l.5s3.1pW  12.37  1 

o  1.0// 3.7// v  13.43  1 


Star 

F 

N 

Q 
4  7' 

U 
2V 

W 

X 


7200  ZAquilae. 
Mag. 

7.72 
8.53 

S.37 
0.73 
0.05 
0.00 

o.ss 
10.78 
L.3ra2.0p  V  11.51 

4.2s  0.0//  J"  11.00 

I. On  0.7/'  Z  L2.12 

.-,//  /'  12.00 

1.7//  V   12.01 


DM. 

6  5411 
r,  5  121 

7  '5267 
-6°5434 

6°5420 

-  7°5266 

■6°5417 

-6°5416 


3878.5  Nov. 
3886.5 
3891.5 
3895.4    Dec. 
3897. 1 

3! 5 

3901.5 
3004.5 
300  1.5 
3908.5 
3911.5 
391  1.5 
3914.5 
3918.5 
3010.5 
3920.5 


"351   //  IV  <  'ygni. 


Star 
F 

II 

1 
.1/ 
N 

I' 

Q 

R 

s 

IS 

3S 

T 

IV 


DM. 
+39°4221 
+39°4193 
+  39°4210 
-r-39°4213 

+  30    1105 

I  39  1-17 
+40°4163 
+39°4206 
+  39°4209 
+  39  1230 
+  30°  1220 
+40°4224 
+  39°4223 


Mag. 

7.05 

8.06 
8.41 

s.os 
9.01 
S.57 
9.23 
0.10 
9.20 
9.21 
9.22 
9.52 


Colli. 

Mag. 

9.2 

8.39, 

8.64s 

S.L'3. 
S.l  1.. 

8.23„ 
7.6p" 
8.28a 
8.0p 

7.0.-; 
8.08, 

S.L' I, 

8.0p 
8.5p 

S.57. 
9.27, 


4 

o.l/ 

6 

11/ 
11 

c, 

H  1/ 
22.1/ 
LO 

3.1/ 

9 

3.1/ 

6 


MAXIMA   AND   MINIMA   OF   SHORT-PERIOD   VARIABLES,  1895-1896, 


By  PAUL  S. 
2279.     T  Monocerotii. 
From  1895  Nov.  19  to  1896  April  20  I  observed  this  star 
thirty-four  times.     From  these  observations  the  following 
maxima  and  minima  are  deduced  : 


Maxima 

.Minima 

1895  Nov.  26.1 

3 

1895  Dee.  14.5 

Dec.  23.2 

1 

1896  Feb.     S.4 

1896  Jan.  19.2 

3 

.Mar.    5.3 

Mar.  13.5 

4 

Apr.    2.4 

Apr.  10.4 

4 

4805.      If"  Virginia. 
My  observations  of  this  star,  from  1896  April  2  tn  July  1. 
number  twenty-six.     Tbe  phases  indicated  are 
Maxima  Minimum 


1896  Apr.    9.2 

May  13.6 

29.2 


isoo  May  4.6 


3 


VKNDELL. 

5952.      Y  fferculis. 

A  series  of  nineteen  observations,  from    1S00  June  I  to 
Sept.  1,  shows  phases  as  follows  : 

M  axim  i  m  Minima 

1896  June  3         6.9 


lsoo  July  13 
Aug.    1 


8.0 

s.l 


6368.     X  Sagittarii. 
Fifteen  observations,  from  1896  June  29  to  Sept.  1.     The 
phases  shown  bj  the  application  of  a  mean  light-curve  are 


M  VMM  A 

oba 

Minima 

soo  July  11.1 

1 

isoi;  June  30.9 

1 

1S.S 

'_' 

July  14.4 

1 

20.S 

3 

Aug.      1.2 

•j 

Aug.    7.1 

1 

10.4 

1 

26.4 

1 

Sept.     1.1 

1 
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iv.Mi.lnh    11.H7 

1 

19.34 

1 

Aug.     2.23 

2 

19.38 

1 

6472.      II'  Sagittarii. 
Eighteen  observations,  from   1896  June  29  to  Sept.  1. 
Thej  yield  the  following  phases  bj  the  application  of  the 
mean  curve : 

Maxim  \  Minima 

obe. 

1896  June  29.79  2 

July   1  1.20  3 

30.91  2 

Aug.     7.67  3 

28.39  2 

6573.      J'  Sagittarii. 
Sixteen    observations,  from    1896  June  29    to   Sept. 
Thej    yield  the  following  phases  bj    the  mean  curve: 

M  win  \  .Minima 

obs.  oba 

1896  Jul]     L.04 

13.49 

31.32 

Aug.  29.21 


6676.      V  Sagittarii. 
Twenty-eighl  observations,  from  1896  June  29  to  Sept.  11. 
The  following  re  indicated  : 


L896  July   11.11 

1 

Aug.    3.83 

1 

8.39: 

1 

26.36 

1 

Sept.    6.93 

1 

Maxima 

1896  June  29.75 

July  13.13 

Aui.     2.27 

L0.36 

16.59 

29.32 

Sept.    6.57 


Minima 

L896  July  10.93 
17.46 
30.75 
Aug.  12.94 
21.32 
27.17 


1 


t;7:;:;.     i;  Scuti. 
Th i it \  observations,  from    L896  June  L0  to  Nov.2,  indi- 
cate a  minimum  of  7\_  on  July  25,  and  a  maximum  of 
1  ".7  on  August  30. 

6854.      Y  Aguilae. 
I  observed  this  star  during  the  season  of  1895  and  L896, 
but  from  the  broken  character  of  the  series,  the  results  arc 
m t\    meagre.     The  following  phases  are   pretty  certainly 


indicated  : 

Maxim  \ 

M  IN  IMA 

1895  Sept.  i  II 
19.3 
28.3 

L896  Jul}   30.4 
Aug.     8.4 

3 
2 

1 
2 

1 

1895  Sept.  10.3 

21.3 

1896  July  in.  1 
Aug.     1.1 

7149.     SSagittae. 
A  series  of  twenty-eighl  observations,  from  1896  June  2 

to  Sept.  II.  yields  ii\ icima  and  five  minima.     Oi  the 

maxima,  three  were  61  the  "flat"  type.  Both  the  maxima 
of  the  sharply-marked  type  fall  on  odd  epochs;  of  the  fial 

maxima,  two  fall  i ven  epochs,  and  one  on  an  odd  one. 

This  seems  to  confirm  the  indications  of  mj  earlier  obser- 
vations, thai  the  alternation  of  these  phases  is  not  a  regu- 
lar our. 


M  A  N  1  M   \ 

Mini  m  a 

896  duly  M.7         1 

1896 

dime     1.4 

•  > 

Aug.    5.6  fial  3 

30.3 

3 

1  I..".    ••   3 

duly    L6.8 

1 

30.9         1 

\n         2.3 

1 

Sept.     8.5  Hat  3 

lo.i 

4 

7257.      R  Sagittae. 

I    have   forty-ot bservations,   from    1896  June  30  to 

Dec.  24.     These  indicate  maxima  and  minima  as  follows: 

Maxima  .Minima 


L896  duly  24 
Aug.  31 


8.4         I       1896  Julj  18        9.3        2 
s.7         4    :  Lug.  L3         9.3         4 

S<  pt.20         9.6         4 

from  Sept.  30  to  Nov.  9  the  star  showed  little  change, 
remaining  during  this  time  aboul  9*.l;  two  observe 
of  Nov.  24  and  Dec.  1  show  it  at  9M.6. 

7437.     A  ( 'ygni. 
Thirty-two  observations,  from   1896  May  7  to  Sept.  11. 
show  maxima  and  minimum  as  follows: 

Maxima  M  inimi  m 

1890  dune  3(1.2  d" 


896  dune  3.8 

3 

Aug.  7.s 

I 

Sept.  8.2 

3 

7483.     T  Vulpeculae. 
Twenty-eight  observations,  from  1896  June  2  to  Sept.  11. 

yield  maxima  and  minima  as  follows,  by  the  application  "I 
the  mean  light-curve  : 


Maxim  \ 

Minima 

1896  June     1.624 

1 

1890  d. in.-     L395 

10.718 

1 

duly     7.906 

duly    11.790 

•_> 

1  1.121 

29.689 

1 

17.799 

Aug.  28.647 

1 

31.917 

Sept.    6.863 

I 

Aug.    4.395 

11.368 

1 

9.870 
30.779 

Uass.,  1896  Dec.  29. 

NEW  ASTEKOIDS. 

Prof.  Ki.-m  i/  has  communicated  the  discovery  of  four  m-u  asteroids  by  Charlois: 


DC 

13 

Dec.  28   1<)   16.0  Nice  M.T. 

a  - 

7   L8  24 

8  = 

-    +26  27 

DD 

13 

::i    1  1   31.5     ■• 

7  50    10 

+  21  26 

BE 

L3 

31    11   31.5     •• 

7  55   W 

+  21    41 

DF 

11' 

31    11   31.5     •• 

8     7      1 

+23  14 

Daily  motion,  —  00  and  .'!  northward. 
••    '        "         -48     ••     3 
_48    ••     (» 
-48    ••     7 
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SUNSPOT   OBSERVATIONS, 

VIADE     \T    BERWYN,    l-1-..w..    WITH     k     I1    l\'ll    REFRACTOR, 

Bi     \.  W.  QUIMBY. 


is:m; 

Time 

Nl-H 

Total 

Kill 

Def. 

1806 

x ■ 

Ncu 

Total 

K.ir 

Dei. 

1896 

Time 

N.-u 

Total 

|-"        Del 

1 .  >'.- 

(irs. 

Spots 

Gre 

7 

Grs. 

Grs. 

•> 

spoi 

<.. 

i  .  | 

Gre 

spot* 

< , 

July    1 

7 

1 

3 

27 

2 

la  il- 

Aug. 26 

21 

3 

faii- 

i  i,-i    28 

8 

3 

I'.) 

2 

1 

2 

7 

- 

2 

37 

:; 

ia  i  r 

27 

7 

_ 

•> 

1  1 

1 

fair 

29 

11 

_ 

1 

6 

:; 

poor 

3 

7 

1 

3 

28 

2 

fair 

28 

7 

- 

2 

32 

2 

good 

30 

9 

1 

2 

III 

ii 

4 

8 

- 

o 

L6 

- 

r.  poor 

29 

7 

_ 

1 

:;i 

3 

fair 

:;i 

9 

_ 

2 

L2 

•> 

fair 

5 

7 

- 

3 

9 

- 

poor 

30 

7 

2 

3 

ii 

2 

8 1 

Nov.    1 

4 

_ 

1 

4 

poor 

6 

12 

o 

5 

in 

2 

poor 

31 

7 

- 

3 

is 

1 

faii- 

2 

8 

1 

2 

3 

:; 

7 

10 

- 

.-» 

12 

2 

poor 

Sept.     1 

7 

1 

1 

38 

2 

good 

3 

10 

1 

•  < 

:• 

3 

fair 

8 

11 

- 

4 

6 

1 

poor 

2 

7 

_ 

3 

18 

3 

good 

4 

8 

1 

3 

7 

3 

fair 

9 

7 

- 

3 

11 

1 

fair 

3 

7 

- 

2 

17 

3 

good 

6 

8 

1 

4 

6 

3 

poor 

10 

7 

- 

3 

8 

1 

fair 

4 

7 

_ 

2 

11 

2 

fair 

7 

8 

_ 

3 

10 

3 

fair 

11 

7 

1 

5 

12 

2 

fair 

."> 

7 

■  > 

4 

9 

1 

faii- 

9 

11 

2 

5 

32 

2 

fail- 

12 

7 

1 

5 

11 

2 

fair 

(i 

7 

- 

2 

5 

1 

poor 

10 

8 

1 

ii 

35 

1 

fair 

13 

7 

2 

6 

20 

3 

fair 

7 

7 

1 

3 

22 

4 

fair 

11 

8 

- 

6 

24 

1 

' 

14 

7 

2 

6 

30 

4 

fair 

8 

7 

_ 

3 

41 

3 

good 

13 

8 

1 

7 

:;;; 

:; 

fail- 

15 

7 

_ 

4 

24 

3 

fair 

9 

7 

1 

1 

60 

1 

good 

14 

8 

_ 

7 

32 

:; 

fair 

16 

7 

_ 

4 

31 

•'! 

fair 

10 

7 

- 

5 

106 

3 

good 

15 

8 

_ 

3 

is 

3 

faii- 

17 

7 

_ 

4 

50 

3 

fair 

11 

7 

1 

5 

162 

4 

gl  Hill 

16 

8 

1 

3 

28 

3 

fair 

18 

7 

_ 

4 

78 

3 

fair 

12 

7 

- 

3 

32 

- 

poor 

17 

s 

_ 

3 

16 

4 

faii- 

19 

7 

1 

5 

93 

3 

g 1 

l:; 

3 

- 

3 

126 

- 

poor 

18 

8 

_ 

2 

6 

1 

fair 

20 

7 

_ 

3 

32 

- 

poor 

14 

7 

1 

4 

115 

2 

faii- 

19 

8 

_ 

2 

1 

1 

fair 

21 

3 

_ 

4 

28 

1 

fair 

16 

7 

- 

1 

129 

3 

fair 

20 

12 

1 

1 

1 

1 

| r 

22 

12 

_ 

4 

31 

1 

fair 

17 

7 

2 

3 

124 

3 

faii- 

22 

8 

1 

2 

IS 

2 

faii- 

23 

7 

_ 

4 

30 

3 

fair 

18 

7 

_ 

3 

150 

1 

fair 

23 

11' 

_ 

2 

17 

2 

faii- 

24 

4 

_ 

3 

30 

2 

fair 

l-.i 

7 

1 

3 

79 

•  > 

poor 

25 

10 

1 

2 

6 

1 

fair 

25 

7 

_ 

■> 

29 

3 

fai  r 

I'd 

7 

- 

3 

56 

2 

poor 

2G 

1 

- 

2 

8 

0 

poor 

26 

7 

1 

2 

13 

3 

fail- 

21 

7 

- 

4 

58 

2 

faii- 

27 

3 

- 

2 

7 

- 

faii- 

1'7 

7 

_ 

2 

10 

5 

fair 

*22 

9 

_ 

4 

is 

2 

poor 

Dec.    1 

3 

_ 

3 

15 

4 

fair 

28 

7 

_ 

2 

13 

3 

fair 

*23 

9 

- 

3 

17 

- 

poor 

3 

8 

- 

3 

22 

2 

poor 

29 

7 

_ 

2 

13 

3 

faii- 

#24 

9 

- 

:; 

12 

- 

poor 

4 

8 

1 

4 

31 

3 

faii- 

30 

7 

_ 

1 

12 

1 

la  ii- 

25 

7 

_ 

2 

35 

1 

fair 

5 

8 

- 

4 

12 

1 

fair 

31 

7 

_ 

1 

10 

1 

fa  i  r 

20 

7 

- 

1 

13 

1 

poor 

6 

9 

- 

4 

33 

1 

fair 

Aug.    1 

7 

_ 

1 

8 

1 

faii- 

27 

8 

- 

1 

8 

1 

fail- 

7 

9 

- 

1 

1.-. 

1 

poor 

2 

7 

1 

2 

8 

1 

fair 

29 

2 

1 

2 

lit 

2 

fair 

9 

8 

- 

4 

23 

2 

pooi 

3 

7 

_ 

2 

4 

1 

fair 

30 

8 

- 

2 

'.i 

4 

faii- 

10 

8 

- 

4 

22 

4 

l 

*4 

7 

_ 

1 

2 

- 

poor 

Oct.    1 

8 

- 

1 

5 

2 

poor 

11 

8 

- 

3 

12 

3 

fai  r 

*.-, 

7 

_ 

1 

2 

- 

] r 

2 

8 

1 

2 

0 

2 

fail- 

L2 

11 

1 
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11' 

- 

| 

6 

7 

_ 

1 

o 

4 

fair 

3 

8 

- 

1 

5 

2 

fair 

13 

8 

- 

2 

10 

1 

poor 

*7 

7 

- 

0 

0 

0 

poor 

4 

1 

- 

1 

1 

1 

poor 

14 

8 

1 

3 

l'.i 

2 

fair 

8 

7 

- 

0 

0 

3 

fail- 

5 

9 

- 

- 

- 

1 

poor 

16 

3 

1 

4 

- 

V.]MHir 

9 

7 

1 

1 

4 

1 

fair 

6 

9 

1 

1 

2 

1 

poor 

17 

8 

2 

13 

2 

fair 

10 

6 

1 

1 

1 

1 

fair 

7 

8 

_ 

1 

2 

3 

fa  il- 

18 

9 

1 

3 

11' 

i' 

fair 

11 

7 

1 

2 

2 

2 

gi  ii  ii  1 

S 

8 

1 

2 

3 

.'! 

ia  il- 

19 

9 

3 

.-) 

23 

1 

poor 

12 

7 

2 

4 

6 

3 

gi  ji  ii  1 

9 

S 

- 

o 

:; 

3 

ia  ir 

20 

9 

- 

3 

44 

:i 

faii- 

13 

7 

2 

3 

5 

3 

faii- 

10 

8 

1 

2 

2 

3 

poor 

21 

9 

1 

4 

;;."> 

1 

fair 

14 

7 

- 

3 

7 

4 

fair 

15 

8 

- 

1 

9 

- 

poor 

22 

9 

- 

3 

30 

1 

poor 

15 

7 

_ 

3 

28 

3 

fail- 

16 

8 

2 

3 

12 

1 

poor 

23 

9 

- 

2 

37 

- 

poor 

16 

7 

1 

4 

27 

2 

fair 

17 

1 

2 

4 

17 

3 

poor 

24 

8 

- 

1 

22 

- 

faii- 

17 

7 

1 

5 

39 

3 

fail- 

19 

8 

- 

4 

64 

4 

fai  r 

25 

8 

1 

3 

13 

- 

fair 

18 

7 

_ 

5 

18 

2 

poor 

L'o 

8 
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4 

27 

3 

1 ■ 

26 

8 

1 

in 

- 

19 

7 

_ 

5 

17 

1 

fair 

21 

3 

- 

4 

12 

2 

fa  i  r 

27 

9 

- 

3 

Hi 

4 

taii- 

20 

7 

1 

5 

11 

3 

fai  r 

22 

8 

_ 

4 

34 

1 

fair 

28 

9 

- 

3 

1'S 

:; 

fair 

21 

7 

_ 

5 

14 

2 

faii- 

23 

s 

- 

4 

12 

- 

poor 

29 

9 

1 

3 

S 

3 

poor 

22 

12 

_ 

3 

20 

3 

fair 

24 

8 

1 

5 

17 

1 

fair 

30 

2 

1 

3 

IT. 

3 

fair 

23 

2 

_ 

2 

32 

1 

poor 

25 

8 

- 

5 

16 

2 

good 

31 

9 

1 

4 

11 

'■>      fair 

24 

7 

- 

1 

38 

2 

poor 

26 

8 

- 

3 

12 

2 

faii- 

25 

7 

1 

2 

24 

3 

fair 

27 

8 

- 

3 

15 

:: 

fair 

--.'i-inc-li  refractor,  ~2  diameter. 
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OBSERVATIONS  OF   VARIABLE   STARS,— No.  3, 

SPERRA. 


Ill     \\  M      I 

'I'lii'  arrangement  of  this  and  subsequent  lists  will  eon- 
form  to  thai  of  the  preceding,  to  which  reference  must  be 
,,,;„!,.  i  information  than  that  afforded  by  these 

notes.     All  .it'  the  Eollowing  maxima  ami  minima  fall  in 
the  first  half  of  the  calendar  year  1896. 

103.      T  dndromedae. 

This  star  was  observed  fourteen  times,  from  1896  May  ■'< 

to  An-.  1.  and  the  result  is  a  maximum  for  1896  June  26, 

r.     At  the  beginning  and  ending  of  the  observations 

the  star  was  smnewhat  below  the  9th  magnitude. 

L623.  T  Camelopardalis. 
Twelve  observations,  between  1895  Nov.  11'  ami  1896 
Feb.  17,  yield  a  maximum  for  1896  Jan.  6,  at  km.  The 
first  observation  found  the  star  at  9K.5,  and  had  again  re- 
turned at  last  observation.  The  fall  in  light  was  therefore 
more  rapid  than  the  rise. 

L981.     -s'  Camelopardalis. 
Dwenty-seven  observations  of  this  star,  from  L895  0ct.  L3 
i-   1896  May  6,  indicate  a  maximum  on   1896  Feb.  1  I.  at 
7". '.i.     At  first  observation  it  was  at  9".5,  it  rapidly  rose  to 
which  it  stood  during  November  and  first  few  days 
0f  Dee  then  slowly  rose  to  maximum,  and  by  last 

obsen  ation  had  reached  9". 

2100.      V  Orionis. 
1  have  nineteen  observations,  between  1896  Feb.  I  I.  when 

the  star  was  at  7".o,  and  April  22,  when  the  star  had  fallen 

a  maximum  for    1896  March   16,  at  6*.9. 

\.  so  small  a  portion  of  the  light-curve  was  observed,  less 

weight  must  he  given  it.  and   especially  so   because   the 

was  quite  flat  at  maximum. 

281 5.      '    Gem  in 
A  maximum  is  indicated  for  1896  March  17. 2  Gr.  M.T.,by 

the  five  observations  following.  Magnitud Baxendell's 

scale,  '.'  .2. 

1896  !>■<•.  30. 


is: ii;  Mar.  15.52 

'.1  8 

1896  Mar.  20.54 

16.62 

9.2 

23.59 

17.7.7 

'.».:' 

N"  393 
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'.'<  193.     U  Leonis. 
Fourteen  observations,  distributed  between  1895  Oct.  27 

and  1896  Mar.  12,  yield  as  the  date  of  maximum  1896  dan. '.I. 
at  6".5.  The  observations  include  the  rise  from  and  fall 
to  8".  For  about  a  month  the  star  was  stationary  at  maxi- 
mum. 

3825.  R  Ursae  Majoris. 
A  maximum  of  6".4  is  indicated  for  1896  March  26,  ly 
seventeen  ohservatioiis,  extending'  from  IK! Hi  Fell.  11  to 
May  31.  The  rise  was  from  below  9M,  and  return  to  same. 
The  fall  immediately  alter  maximum  was  quite  slow;  over 
a  month  was  occupied  in  falling  from  li,,.."i  to  7",  while  the 
fall  from  the  latter  point  to  9"  required  less  than  a  ith. 

4826.     R  Hydra . 

Ten  naked-eye  observations,  Erom  1896  Feb.  II  to  May  7. 
yield  as  the  time  of  maximum  1896  March  25,  at  3".8. 
The  rise  was  from  about  .V'.K.  and  the  fall  to  the  same 
magnitude.     The  magnitudes  are  only  approximate. 

5237.     R  Bootis. 

This  star  was  observed  nineteen  times,  hot  ween  1896 
March  17  to  June  in.  From  10". 5,  at  first  dale,  it  rose 
very  rapidly  to  a  maximum  of  7M.4  on  1896  May  5.5,  and 
then  fell  nearly  as  rapidly  to  9".5  at  last  observation.  The 
maximum  was  very  sharply  marked,  the  fall  commencing 
as  soon  as  the  maximum  was  reached. 


2279.      T  Monocerotis. 
Seventeen  observations  oi  this  star,  beta  een  1896  Mar.  L'7 
i  i  Ma\  3,  yield  results  as  follows  in  Greenwich  Mean  Time: 


1896  April     1.8 

9.5 

29.0 


Min.  6.8 
Max.  5.9 
Min.  6.8 


EPHEMERIS   OF   ASTEROID  (93)  MINERVA, 


I   have  just  finished  the  computation  of  the  general  per- 
turbations of  Minerva  by  Jupiter,  and  before  publishing  I 
to  obtain,  during  the  present   opposition,  as  many 
observations  as  possible  for  a  better  determination  of  the 

elements. 

It  will  be  a  grt  I    those  wdio  find  it    possible  to 

observe  this  asteroid  at  this  time  will  publish  the  results 
at  their  earliest  convenience. 


EICHELBERGER 
Gr.  M.T. 
1897  dan 


.".'.l 

18 

:;s 

.-,ii 

:;7 

52 

36 

.">: ; 

;;;, 

:.:; 

:;i 

.-.:; 

;;:; 

52 

s  32  51 


Decl. 

A 

O            1 

30     1.5 

o..".L".i7 

7.!l 

11.2 

1  1  :; 

17.1 

0.3273 

20.4 

23.2 

30  26.0 

N°-  39:5 


THE      ASTKoNOMICAL     .JOURNAL. 


7r 


Or.  M.T. 

R.A. 

Decl. 

A 

( 1  r.  M . 

T. 

R.A. 

1) 

'.■1. 

A 

L897  .ran.  20.5 

s  :;i  49 

+  30  2S.7 

0.3259 

1897  Feb 

5.5 

8    15  32 

+30 

r,:\.  7 

0.3300 

21.5 

30  48 

31.2 

6.5 

11    35 

51.1 

22.5 

20  46 

:;;;.<; 

7.5 

13  3!) 

51,1 

23.5 

28  43 

36.0 

8.5 

12  43 

5  1.1 

24.5 

27  41 

38  J 

0.3255 

9.5 

11      IS 

5  1.1 

0.3333 

25.5 

26  39 

40.2 

10.5 

10  55 

54.2 

20.5 

IT.  37 

12.1 

1  1 .5 

10     2 

53.0 

27.5 

24  35 

43.9 

12.5 

9   11 

53. 1 

L'.x.r. 

23  33 

45.5 

0.3260 

13.5 

8  21 

52.S 

0.3375 

29.5 

22  31 

47.1 

14.3 

7  32 

51'. 0 

30.5 

21   30 

48.5 

15.5 

6  44 

51.1 

31.5 

20  21) 

111.  7 

10.5 

S     5   57 

+  30 

5(1.1 

0.3412 

Feb.    1.5 
2.5 

19  28 

IS   28 

50.8 

.-.1.7 

0.3275 

The  Jahrbuch  for 

1899  gives 

lilt'  jicisil 

on  at 

opposition, 

:;..-. 

17   21) 

52.(1 

Berlin  M.T. 

R.A. 

ll         in 

Decl. 

Mag. 

4.5 

8   10  30 

+ 

!0  53.2 

Jan 

23.5 

S   27.3 

+30 

38 

1 1 .5 

U.S.  Naval  Observatory. 


ELLIPTIC   ELEMENTS   AND   EPIIEMERIS   OF   COMET  #1896  (perrine), 

By  W.  J.  HUSSEY  and  C.  D.   PERRINE. 


T  =   1890  Nov.  24.G0  Gr.  M.T. 
«,  =   163°  52' 
SI    =  246   30 

i  =     13  45 
q   =   1.1112 

e   =   0.0S05 

Period,  G.67  years. 


Ephemeeis  foe  Geeenwich   Midnight. 


in:  17 

u 

8 

Brightness 

Jan.  20.5 

I    35  44 

-0  32 

0.18 

24.5 

48  12 

-0   10 

2S.5 

I  59  52 

+  0     4 

Feb.     1.5 

5  10  52 

+  0  20 

0.10 

Communicated  by  telegraph,  Jan.  16,  by  Dr.  E.  S.  Holden 


OBSERVATIONS   OF   COMET g  1896  (perrine), 

MADE   AT   THE    LICK    OliSEUVATOItv    WITH    Till';    12-INCH    EQUATORIAL., 

By  WILLIAM    .7.   HUSSEY. 


1896-7  Mt.  Hamilton  M.T. 

* 

No. 
( lomp. 

-* 

o/'s  apparent 
a            1              8 

log 

for  a 

>A 
for  8 

Dec.    9 

7  48     8 

1 

dlO  ,  10 

_o"'l:'V,0 

-8  38.3 

0  58   1  1.50 

+  6     4    11.2 

8.190 

0.659 

17 

10     3  17 

2 

d         4 

+  7     8.7 

+  2  57    IS.  1 

0.698 

10  11  35 

2 

d  7  , 

+  0  26.04 

1  54  30.89 

9.390 

23 

8     S  20 

3 

10  ,  5 

+  4  1S.05 

+  1  29.6 

2  31  .V.i.ss 

+  1   14    12.6 

„s.;;n 

0.712 

24 

7     5  41 

4 

10  ,  G 

+  3  23.05 

+  5     3.3 

2  37  40.85 

+  1     0  37.2 

»9.179 

0.715 

Jan.    5 

7     4  29 

5 

d  8  ,  8 

-0  17.88 

-1   5(1.0 

3  39  24.25 

-0  38  50.0 

h.9.257 

0.73d 

5 

0  15  40 

5 

d  8  ,  8 

+  0     5.86 

-2   13.2 

3  39  47.99 

-0  39  21.6 

8.910 

0.731 

6 

10     3  31 

6 

d  8  ,  8 

+  0     3.81 

-2  23.3 

3   11  20.  GO 

-0  42  28.8 

9.240 

0.731 

8 

9  37  54 

7 

12,8 

-1  26.67 

-4  54.2 

3  52   1 5.0  1 

-0  46  45.3 

0.001 

0.732 

Mean  Places  for  1896.0  and  1S<>7.<>  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red,  in 
app.  place 

Authority 

1 

o"5s'"22"0G 

+  4J  1 

+  G   12  24.8 

+  27.7 

i  (Schjellerup  356+Paris  L366) 

2 

1    54     0.49 

+4.36 

+  2  40  44. G 

+  25.1 

Boss,  Albany  A.G.  Catal.  55i; 

3 

2  27  37.32 

+  4.51     • 

+  1   12    10.8 

+  2:;.  2 

Boss,  Albany  A.G.  Catal.  712 

4 

2  34  13.27 

+4.53 

+  0  55  11.2 

+  22.7 

Schjellerup  740 

5 

3  39  40.42 

+  1.71 

-0  37  14.2 

+  5.8 

Stone,  Radcliffe  Catal.  S7S 

6 

3  44   15.00 

+  1.70 

-0    lo   11.4 

+  5.9 

Gottingen  Catal.  649 

7 

3  54     9.96 

+  1.72 

-0  41  56.5 

+  5.4 

Schjellerup  1240 

d  indicates  that  both  coordinates  ha\  e  been  determined  by  direct  measures  with  the  micrometer. 
Mt.  Hamilton,  Cal.,  1897  Jan.  8. 
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OBSERVATIONS   OF   COMET#1896  (pjsrbine), 

m  mi      \  i     nil     \   !lSS  \i:   I  "1.1  I  '•!     0BS1  i:\   ITOBY, 
Bi    M  \l:V   W.   WHITNEY. 


tm  li  b  M.T. 

* 

v.. 
( :omp. 

* 
da                   /8 

<yy>  apparent 
a                        S 

log 

for  u 

for  8 

7  L6   19    13          1 

8  14  29     7     1      2 

8 

+0   19.(56 

•j     0.38 

+  2   19.2 

l    II. 1 

:;  :.:'   L1.45           0  46  32.5 

9.035 

0.77  1 

.)/,</!/   Places  for  1897.0  of  Comparison- Stars. 


* 

Red.  t.> 
O-                   app.  place 

8 

Red.  io                                            .     , 
app.  place                                           Authority 

1 

2 

3   is'"   L 
3  :.l  10.11 

1  l  72 

-   ii    17.7                     .    . 
_0  41  53.5             •  5  l 

DM.  -0°r,l  l 
Bonn  VI,      0°626 

POLAR   CAP  OF    MABS. 

Mr.  Ritchii  -  the  following  dispatch  received  by  him  from  tin-   Lowell  Observatory :       "For  code  distri- 

bution: rift  in  Martian  north  [Hilar  cap  since  January  seventh,  longitude  Forty."  Pbei  n  \i.   Lowell. 


M-:\V    ASTRONOMICAL    WORKS. 


the  Erolai:  -        vr  6  )'<■!.  I.     <>„ 

Cation,  mid  on  tin    Orbits 
„„,/  ,.  Stars,     Bj  T.  .1.  .1.  >i  1  . 

\.M.  Ph.D.,  (Berlin). 

This  work  is  the  first  volume  of  an  extensive  investigation  which 

has  undertaken  on  the  evolution  of  our  stellar  systems,     it 

cated  i"  Dr.  Got  in.  ami  the  present  volume  consists  of  an 

introduction  ami  thr ihapters. 

The  introduction  begins  with  a  sketch  of  the  nebular  hypothesis 

,,f  our  solar  system.     Dr.  See  refers  t..   Kwi   .1-  .1  predecessor  of 

I  \rl  \,  b  in  this  speculation,  and  it  should  be  stated  that  Kant  re- 

Chomas  Weight.     Dr.  See  considers  r  1  >  *  -  extension  of  the 

hypothesis  to  the  stellar  systems,  and  to  the  tl ■j  of  tides. 

s  attention  to  the  striking  characteristics  of  double-star  orbits: 
1.  Th.-  orbits  are  highly  eccentric.  •-'.  Tin'  stars  of  a  system  are 
comparable,  and  frequently  almost  equal  in  ma—. 

gives  tin' common  proof  of  the  Newtonian 

n.l  then  proceeds  t"  consider  the 

proof  for  thr  oil. its  of  binary  stars.     He  gives  tin'  investigations  01 

Darboux  ami  II  \ i  1  ■  1 1  k. n  for  the  different  laws  of  force.     It  maj  be 

noticed  here  that  the  earlier  discussion  of  this  question  h\  Viu  u: 

■a  Inch  our  author  does  not  mention,  has  been  shown  by  Hill 

orrect,  ami  as  general  as  tin-  others.      Hence   th.-   remarks 

'..  Tome  I.  11.  4i'.  are  unjust.     On 

;i  in--.li.il  is  proposed  for  testing  the  universality  of  thr  Ian 

ritation;  and  on  page  38  the  author  proposes  a  method  of  de 

ng  the  distances  of  star  clusters,  and  of  the  Milkj  Way.     This 

chapter  closes  with  an  outline  of  the  known  inetho.ls  of  computing 

the  orhit  of  a  double  star,  for  correcting  an  approximate  orbit,  ami 

with  a  method  for  solving  Kepler's  problem. 


Chapter  li.  pp.  65  243,  contains  the  orhits  of  forty  binary  Btars 
deduced  from  the  best  observations.  This  is  the  laborious  part  of 
the  volume,  ami  the  work  appears  i"  be  very  well  done. 

Chapter  III,  pp.  243  258,  presents  a  discussion  of  the  results.  It 
is  pointed  out,  page  246,  thai  th.-  motions  of  certain  binaries  in  the 
line  of  sight  can  he  measured  by  the  spectroscope.  1  >n  page  248  the 
relations  of  the  orhits  of  binary  stars  to  the  plane  of  the  Milky  Way 
are  examined,  hut  no  definite  relation  is  shown.  The  mean  value 
0i  th.-  eeeenti-ieity  from  the  forty  orhits  is  (1.4s.  The  relative  ma— - 
Of  the  components  for  a    feu    known  eases   indicate  that  the  masses 

are  nearly  equal,  ami  a  more  general  method  of  investigating  this 

point  is  proposed.  In  his  closing  article  the  author  compares  the 
Stellar  systems  with  our  planetary  system,  ami  points  out  the  great 
differences  between   them. 

It  is  to  be  hoped  that  Dr.  Ski  maj  he  able  to  complete  the  exten- 
sive work  In-  has  so  well  begun.  A.  II. 


Formation    Mecaniqm    du    Syst'i  ,,,<    du    Monde,   Lt.  Colonel  R.  du 

l.n.oM.i'-  la  nouvelli  thiorii  par  0'AbbkTh. 

Moreux,  Professeur  de  Mathematiques.   Paris,1897.  8°,  pp.183. 

This  is  an  examination  of  the  theories  of  the  nebular  hypothesis 

presented  a  century  ago  for  our  solar  system  by  Laplace,  and  those 

of  Fate  in  his  work.  Sur  VOrigine  du  Monde.     Av.r.i.  Moretjx 

has  prefixed  an  exposition  of  the  mechanical  formation  of  the  solar 

system.    The  conclusion  is  reached  that  the  planets  will  finally  fall 

on  the  sun  :    ^"Ainsijinironi  lea  mendes."    Col.  Lig  on  des  appears 

to  have  developed  some  new   and  ingenious  theories,  and  to  have 

made  a  real  addition  to  the  literature  of  this  subject.  A.  II. 
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ON    THE    INTEGRATION    OF   THE    DIFFERENTIAL    EQUATIONS    OF    MOTION 
IN   THE   PROBLEM   OF   TWO   BODIES, 

By  KURT   LAVES. 


In  the  sixteenth  chapter  of  his  "  Vorlesungen  iiber  />;/>in- 
mik,"  C.  G.  J.  Jacobi  applies  his  theorem  of  the  last 
multiplier,  which  was  developed  in  a  most  general  way  in 
the  preceding  chapters,  to  the  problem  of  two  bodies  which 
move  in  vacuo  under  the  assumption  of  Newton's  law  of 
mutual  attraction.  The  order  of  this  problem  being  the 
twelfth,  eight  of  the  ten  integrals  which  we  know  are  ap- 
plied, so  that  two  differential  equations  of  the  second  order 
are  left,  which  Jacobi  transforms  into  four  differential 
equations  of  the  first  order.  From  the  nature  of  the  force- 
function  in  this  problem  it  follows  that  we  may  eliminate 
the  time  from  three  of  these  differential  equations  by  intro- 
ducing into  them  the  value  of  dt  taken  from  the  fourth. 
There  are  left  then  three  differential  equations  of  the  first 
order  for  which  we  know  two  integrals :  the  principle  of 
vis  viva  and  the  principle  of  conservation  of  areas  in  the 
.(•//-plane.  Jacobi  shows  that  from  these  two  integrals  we 
may  obtain  the  integrating  factor  of  the  third  differential 
equation.  This  being  accomplished,  and  three  of  the 
dependent  variables  expressed  in  terms  of  the  fourth  de- 
pendent variable,  we  find  this  one  expressed  in  function 
of  the  time  by  that  quadrature  to  which  the  equation  of 
elimination  leads  which  has  furnished  the  value  of  dt. 
This  is  the  most  logical  solution  of  the  problem,  since  it 
shows  that  the  possibility  of  integration  depends  upon  the 
special  character  of  the  force-function.  I  have  attempted 
in  the  first  part  of  the  following  paper  to  give  a  condensed 
representation  of  Jacobi's  method,  and  to  present  in  the 
second  part  a  simplification  of  it  which  I  have  not  seen 
given  elsewhere,  and  which  might  lie  of  some  interest  to 
students  of  theoretical  Astronomy. 

I.  By  the  principle  of  conservation  of  the  motion  of  the 
center  of  gravity  the  problem  of  two  bodies  is  reduced  u> 
the  sixth  order.  Applying  furthermore  the  two  integrals 
which  are  given  by  the  principle  of  conservation  of  areas 
for  the  zy  and  .r.v-planes,  and  taking  for  the  scy-plane  the 


plane  of  the  orbit,  we  have  the  following  differential  equa 
tions : 

d'.v    _  x  d';/  .,  y 

aW  r»        '        dt-    =      ~~    '"r 


11, 


Introduce  x'  and  //'  as  new  variables  by  letting 

d.r  dy 

x>  =  -J-    ,    y>  - 


dt 


,li 


and   then   transform   our  system   (1)   into   tour  differential 
equations  of  the  first  order : 


dx 
di 
dx1 
df 


=    -//-' 


dy 
dt 
dy> 
dt 


=   If 


(2) 


For  this  system  we  know  the  following  two  integrals  : 


.'/•'     =   « 


A 


k3 


=  a 


From  the  first  equation  in  (2)  it  follows 

dx 

dt   =       - 


I  ,, 


(4) 


introducing  this  value  into  the  last  three  equations  oi  (2), 

we  obtain 


dy  _  //' 


dx' 
dx 


/.■-' 


dy> 

dx 


=  —k 


y     i     - 


Let  f.,  =  y  be  the  third  integral  which  we  .seek,  so 
that  /i  =  a  /.,  =  ft  f3  =  y  will  fulfill  our  .system  (5). 
To  obtain  /',  =  y  we  have  to  find  the  integrating  facti  r 
for  the  equation 

dy  =  y[ 

dx  x' 

Let  equations  (5)  be  written  in  the  form  of  a  proportion, 


dx  :  dy  :  dx'  :  dy' 


■  '/  ■  - 


l.-.r 


/.y 


(6) 
(73) 
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Differentiate    /,  =  a      /,  =  /3     /,  =  y    totally 


■ 


■'A 

,Kv 

■'/, 

,'r 


;  !    .  dy>  =   0 


•  -  .  dx  + 


■'A 
■'A 


dy  + 


P  ■  dy  + 
By 


•A, 

■>A 
,>,■' 

■" 

dx' 


dx>+^.,.dy>=  0 


Introduce  the  following  quantities  for  abbreviation  : 


A  = 


(8) 


ftf      ^      ?A 

.1,1    '   ,>x'  '  dy' 

"'-■    dA 

<>A      Vfz       ?A 
dy    '  dx1  '  'dy' 

•A      % 
i.r    '  dy 


B  = 


D  = 


?A    ftf    ftf 

%. 

dx'  ' 
■A 
dx'  ' 

fA      >'J         ' 
<).r    '   dy    '   rJ.ri 


From  (7)  we  obtain  by  elimination,. 

dx  :  dy  :  dx':  dy'  =   A  :  B  :  C  :  />. 
Comparing  this  with  (6)  we  see  that  we  are  allowed  to 
put 

(9)      A  =  Ate"     B  =  My'     C 
d"f  d\f 


A  =  Ma 
But  since 


=  -.V~     D  =  -M 

r*  r 

,  etc.,     we  see  that  the  fol- 


dx.dy        dy.dx 

li  >«  ing  equation  will  hold  between  the  quantities  A,  B,  C,  D. 
dA       dB      dC     dD 


dx        dy        dx 

or,  using  the  values  in  (9), 


dy< 


,>,  dy 


*(-*£)  »(-*£) 


0 


(10) 


<;.)/         ,  ->.!/"      /;-.-•    9  J/ 
x'  9a7  +  y  <Ay~~!*dx1' 


=  0 


9a;'  9y' 

oping  this  partial  differential  equation  we  find 

/.■>  ajf 

9p 

It  is  easy  to   see   that     fl  =  a    f„  =  f$    fs  —  y     will 
fulfill  this  equation  ;  indeed,  take    /,  =  a     and  we  obtain 

,■"/.,,, -tf  _  ^'    '•'■  -'Co.    B£  _  o 

9a;  T  J   dy         >x  '  9a;'        r8    "  9y'    ~~ 
Dividing  by  .<•',  and  using  equation  (6),  we  find 

"{'  '''■  +   ?rl  «fc  +  %  <*«'  +  55  <¥    =   0      or      <*/,  =  0 
c*./  9^  ya;'  <%'    ^  • M 

in  the  same  manner  are  /2  =  /3  and  /',  =  y  solutions 
of  the  partial  differential  equation  above,  and  since  they 
are  supposed  to  be  independent  of  each  other,  so  will 
the  general  solution  of  (10),  where  F  is  an 
arbitrary  function  of    /  .  /. ./  . 

Equations  (3)  establish  two  relations  between    x,y,x',y' 
and  a  and  /3;  we  may,  therefore,  suppose  that  x1  and  y>  be 


expressed  by  means  of   x,  y,  a,  /8,   and  can  regard  also,/;,  as 
a  function  of    x,y,a,f}.     If  we  consider  the  determinant 


We    must. 


Vf,      df3       df, 

A    we  see  that  it   contains      — —  ,  — — ,  ,  — —r 

dij       dx'       dy' 

therefore,  replace  these  rabies  which  are  taken  under  the 

assumption  that     /,  =  /,  (x,  y,  x1,  y1)     by  such  values  as 

will  agree  with     /,  =  /,(  ,-,,,,  j\ ,/,).     To  distinguish  the 

partial  derivatives  made  under  this  second  supposition  we 

shall  put  them  in  parentheses.     Then  we  obtain 


('A,\  9A,{?A\ 
\dfj  ,>.■■> +\df J 

1) 


For 


A  = 


&A 


dy 

,).•■' 


Y  (ii) 


'JA 

<>!/ 

dA 
dx' 

<>A, 
''A 
I  we  have  the  value 

dy 
where  the  a,  quantities  are  minors  of  ^1. 

.4  becomes  zero  if  we  make  two  horizontal  lines  equal, 
therefore  it  follows 


■'A 

dy' 


0-& 

dy 

dA 


0   = 


"3v  + 


^  dx' 


,>•■' 


+  ?y' 

dy' 


Multiplying  the  equations  in  (11)  by     a3y,  a^,,  as>,     and 
adding,  we  get 

a  =  m 


This  value  will  enable  us  to  find  the  integrating  factor  of 
our  last  differential  equation.  Indeed,  we  have  had  in  (9) 
Mx'  =  A  and  for  M  we  use  the  general  solution  F;  then 
we  find 


^y 


(VI) 


Calling  1  the  last  multiplier  which  makes  the  left  side  of 
x'dy  —  y'dx  =  0     a  total  differential,  we  have 


Ix'dy  —  ly'dx  =  dft  = 

from  this  equation  follows 

Jx'  =   (A)     aml 


'.'/ 


dy  + 


Iy' 


m  dx 
\dx) 


0    (13) 


Introducing  the  value  of  x'  from  the  ftrst  of  these  equa- 

F 

tions  into  (12)  we  obtain     I  =  — 


substituting  this  value 


into  (13)  we  get        —  {x'dy^y'dx)    =  ■—  .         Since  the 

values  of/,  and/2  are  known,  we  may  suppose  them  to  be 
introduced  in   /•'  so  that  F  will  be  a  function  of/3  alone. 


F(J 


is  therefore  to  be  regarded  as  a  total  differential, 
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and  -  -  is  that  last  multiplier  which  transforms  the  left 
side  into  this  form  of  a  total  differential.     Since 

?A      ?£ 

dx>  '  3y' 

"■■»  =    y/2     »/2 

rJ.r'    '    Oil' 

is  a  function  of  quantities  which  we  know,  so  far  as  equa- 
tions (5)  are  concerned,  it  follows  that  our  problem  is 
solved. 

y"j  =  a  /„=[}  f„  =  y  will  give  the  values  of  y1,  x',  y 
in  function   of   x,    and  introducing    the    value   of  x'  into 

dt  =    — 7 ,     the  relation  between  x  and  the  time  will  be 
x' 

given  by  a  quadrature.  By  this  we  obtain  all  of  the  vari- 
ables expressed  in  function  of  the  time,  and  so  our  problem 
is  solved. 

Applying  the  theory  of  the  last  multiplier  just  outlined 

to  our  equations  (5)  we  must  find  first  the  value  of 


96 

9y' 


azy        xx'+yyi 

Solving  the  equations  (3)  with  respect  to  x'  and  y1  we  find 


from 

(3) 

we 

obtain 

dx> 

'Ox' 

1 

1 

■  a  y  +  x  y/  2r2/3  +  2rk-  —  a2 


(14) 


M 


ax + y  V  2r1p  +  2rki 


-} 


with  these  values  we  obtain  for 


x'dij—y'dx 


'+ 


W 


(xdx+  i/ihj) 
r2  V  2f2p  +  2rk2  —  a2 

dr 

r  V  2r2|8  +  2rk2  —  a2 


xdy — ydx 


d[»- 


1  + 


by  integration  we  obtain 
/"  dr 

(15) 


-«J" 


=  +  arc  tij 


H\    — 


ry/2rip  +  2rki 

Since  r2  =  x2+y2,  equation  (15)  will  establish  the  last 
relation  between  x  and  y.  If  we  therefore  introduce  the 
value  of  y  into  (14)  we  shall  have  x',  //',  y  expressed  in 
function  of  x  and  the   constants  of   integration     a,  (i,  y. 

dx 
Put  the  value  of  x'  thus  obtained  into 


shall  eet 


-/: 


dx 


+  8 


rf#  = 


-'■   =   ?,(',«) 


and  we 


The  last  value  of  x  combined  with  those  values  of   y,  x',  .</' 
mentioned  above  will  give  us 


x   =   qPiCM) 
?/  =    %  (< ;  8,  y) 

*'=  qp,(*;8,y,  A  «) 
//'=  fc(*}«,y,A«) 

the  finite  integral  equations  of  our  problem. 

II.  It  is  somewhat  laborious  to  carry  out  the  last  steps 
indicated  in  I,  and  since  it  requires  the  introduction  of  the 
polar  coordinates  r  and  v  into  our  problem,  I  have  thought 
it  might  be  advisable  to  start  from  the  very  beginning  of 
our  problem  with  the  polar  coordinates.  This  indeed 
proved  to  shorten  the  entire  method  considerably. 

Introduce   x  =  r  cosv,    y  =  r  sine,   into  equations  (1) : 


d-r    .              d-n 
-3-r  Siny  +  -r-5-  . 
dt2                   df 

r  cosv  +  2  — 
at 

dv 

—  cosy 

dt 

fdv\        . 
-  [  -r  )  r2  sin  v   — 
\dtj 

/.■•-  . 

r  sin  o 

r- 

d~r                d2v 

-— -  cos  v =-j  . 

dt2                  dt2 

r  sin  v  —  Z  — 
dt 

dv   . 

—  smy 
dt 

(dv\    , 
-    -=-    j-  cos  y  = 

5  cos  y 

From  these  equations  we  derive  the  following  ones 
d2r       (dv\*  k2 

dt2  ~  [di 


d2i>   ,       dr     dv 
di2        "  dt  '  dt 


0 


(a) 


We  write  the  second  equation  in  (a)  in  the  following 
form  : 

rdt\     dt) 
We  can  integrate  this  equation  at  once  and  obtain 
„  dv 

r'Tt 

dv 

di 

tion  (a)  we  can  reduce  system  (a),  which  is  of  the  fourth 
order,  to  one  of  third  order. 


a     (see  equation  3) 
If  we  introduce  this  value  of     ^     into  the  first  equa- 


k2 


,.-'    +     ,.3 


dv  a  d2i 

di    ~   r2  dt 

We  replace  the  second  differential  equation  in  (b)  by  two 

differential  equations  where  each  one  is  of  the  first  order  by 

dr 

~   di 

dv        it  dr  _ 

dt  =  72  di 


introducing 


Then  we  have 


^=ic«!_jfcS 

dt  r2  I  r 


(*) 


('■) 


Eliminating  the  independent  variable  t  by  the  equation 
dr 


dt  = 


Zj   > 


we  are  led  to  a  quadrature,  after  /•'  has  been 

found  as  a  function  of  /•.     We  have,  therefore,  to  integrate 
the  following  two  differential  equations  : 

dv  _      a  dr' 

dr        r1  .  r2  dr 


lr  ?■'  .  r2    \  r 


('0 


;r, 
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For  tliis  system  of  differential  equations  we  know  one 
integral,  namely,  thai  of  wis  viva,  which  we  can  derive 
directly  from  the  second  equation  in  (d)   which  presents 

ii>.;i  in  the  following  form  : 


(e) 


*•-?*?-*} 


\\  ;  en  integrated,  we  obtain 

A  ,-=-"',+  -  + ^     or    /;  =   |3 

ami  we  find 

The  University  of  Chicago,  1897  .Inn.  17. 


1 


'■     =        V-0r'-  +  2fc-r  —  a- 

To  find  the  integrating  factor  oi  the  firs!  equation  in  (£) 

we  need  not  refer  to  the  theory  of  the  last  multiplier,  since 
this  last  equation  ran  be  integrated  at  once.  Alter  we  have 
introduced  the  value  of  r1  from  above,  we  obtain 

/'■ ''  ,  ■ 

— .  =  v    (see  equation  1.>i       (/) 


■-(i  +  2rk-  —  a- 

The  relation  between  /  and  /■  is  given  by 

f    =      I  — r=  -     +  &i 


•>/2/»r*  +  2**r- 


0) 


OBSERVATIONS    OF    THE    COMPANION    TO    PBOGTON   AND 

COMPANION   TO   8IRIU8, 

By  .1.   M.  SCHAEBERLE. 


OF    THE 


It  is  now  eight  weeks  since  the  announcement  of  the 
discos  <■!  \  ,:t  this  ( (bservatory  of  the  companion  of  Procyon. 
l'],to  the  time  of  this  writing,  however,  no  information 
lias  been  received  as  to  whether  the  companion  has  been 
seen  at  any  other  observatory.  I  therefore  give  at  this 
time  all  the  measures  I  have  been  able  to  make  with  the 
36-inch  refractor. 

Mi  am  res  of  the  Companion  to  Procyon. 


Date 

Position-Angle 

Distance 

Weight 

Nov.  13 

318^8 

4.58 

3 

14 

320.4 

4.58 

2 

Dec.    19 

319.3 

1.89 

1 

Jan.   l'i 

322.3 

1.62 

3 

lights  of  Nov.  13  and  Jan.  10  were  both  superb  so 

far  as  the  seeing  was  concerned,  and,  from  an  inspection  of 

the  individual  measures  on  each  night,  I  feel  quite  per- 

suaded  thai  the  change  in  the  position-angle  as  shown  by 

easures  indicates  the  direction  of  orbital  motion. 

Measures  of  the  Companion  to  Sirius. 
The  first,  observation  of  the  companion  to  Sirius  since 
riastron  passage,  was  made  by  Prof.  Aitkkx,  of  this 
Lick  Observatory,  University  of  California,  1897  Jan.  11. 


Observatory,  on  Oct.  25,  L896.  His  firsl  measures,  together 
with  two  of  my  own,  were  published  in  no.  388  of  this 
Journal. 

Up  to  the  time  of  this  writing  no  observations  have  been 
received  from  anj  other  observatory.  (It  is  proper  to  state 
here  that,  in  our  36-inch  telescope,  there  is  no  star  visible 
in  the  place  published  by  ]>r.  See  of  the  Lowell  Observa- 
tory.) All  my  own  observations  up  to  date  are  as  fol- 
lows : 


Han-  Posit  ion- Angle  Distance 

1806  °  I' 

Oct.  28  188.3  3.65 

30  190.0  3.65 

Nov.  C  188.3  3  85 


dan.  lo 


189.4 


When  the  seeing  is  best  the  companion  is  as  easily  ob- 
served and  measured  as  Phobos  when  Mars  is  in  opposition. 
For  the  same  character  of  seeing  the  companion  to  Procyon 

is  as  readily  measured  as  Phobos  when  the  latter  is  about 
10"  from  the  limb  of  Mars  at  opposition.  It  is  useless  to 
look  for  either  of  these  companions  with  the  36-inch  tele- 
scope when  the  seeing  is  not  good. 


MEASURES  OF  PROCYON, 

mam:  with  the  36-INCB   i.oi   ltobiai HE 

I'.y    R.    I,.    AITKKX 


I   have  been  able  to  secure  two  measures  of   the  com- 
pmioii  -.i  /  ered  by  Prof.  Schaeberlb.     Each 

ean  of  four  sel t ings,  and 
of  three  double  distances.     <  >n  both 
/'      yon  was  within  an  hour  of  the  meridian. 


niE    LICK    OB8EBVATOBT, 

9 

P 

Power 

Sei  ing 

1896.921         324.1 

1.73 

520 

3+ 

1896.973         320.1 

5.08 

520 

3 

IS'.m;.'.!.-, 


322.1 


4.90 
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OBSERVATIONS  OF  MINOR    PLANETS, 

MADE    AT    THE     vassai;    COLLEGE    OBSEEVATORT,     POUGHKEEPSIK,     N.  V. 

By  Prop.  MAKY  \v.  WHITNE1    \m.  CAROLINE  E.   FURNE8S. 


1896  Greenwich  M.T. 

* 

No. 

Colli]]. 

Planet —  >fc 

An.                 Jo 

Planet's 
a 

apparent 
8 

log  l>± 
for  a     1    for  8 

<>l»s. 

(106)  Dione. 

Sept.  25 
2(3 

13  23  34 
13  51  44 

1 
1 

5 

8 

+3m57!()0 

1  +3  11.:;:; 

+   4    I5.S 
+    0    15.1 

23  47m26*.34 

j  23  46  40.68 

-  8  38  46.1 

-  8  42   16.S 

1  »9.495  '  0.813 

//9.I22    0.819 

w 

(225)  Henrietta. 

Oct.      7 

9 

10 

14  58  3(5 

15  12  12 
14  20  58 

3 
4 

10 

s 

8 

-0  42.57 
-0     6.38 

-0  43.02 

+  9  44.4 

-  7  41.8 

-  2  36.8 

23  53  22.48 
23  52  21.87 
2:;  51  55.25 

+   8     6  29.9 
+   7  42  44.8 
+   7  31  40.9 

n9.903 

//N.5i;:; 

//9.101 

0.688 
0.692 
0.690 

F 
W 

w 

Oct.    15 
24 

27 

15  36  50 
15    :;  ;;i 
15  42  24 

5 
6 

7 

8 

5 

7 

+  0   17.51) 
+  (»  52.:;.". 
-4  22.1;; 

306)  Unitas 

+  3  :;7.l 
-   6  41.5 
+   6  49.9 

2     2     7.96 
1    53  44.97 
1   5(1  58.91 

-  0     4  30.3 
-   1     1   30.5 

-  1  17  22.0 

«9.271  !  0.768 
rc9.226    "77  1 
»8.841    0.778 

w 

F 
F 

Nov.     2 
3 
6 

7 

15  35  24 
11    1 7  2S 
15  53  47 
13  55  29 

9 

9 

10 

10 

7 
8 
8 
9 

+  1   36.22 
+  0  47. I'd 
+  3  24.59 
+  2  3C..9  4 

(209)  Dido. 

-  4     9.8 

-  6  35.9 

-  1   21.1 

-  3  46.8 

2  40  39.88 
2  39  50.87 
2  37  12.54 
2  36  24.90 

+22  51   59.2 
+  22  49  33.2 
+  22  41  44.5 
+  22  39   18.8 

«  9.1 51 
//9.446 
»8.817 
n.9.450 

0.468 
0.520 

0.  I5S 

0.748 

W 

w 
w 

F 

(354)  1893  A 

Nov.     6 
11 

17     (i     0 
13  22  12 

11 

12 

8 

7 

+  0  41.62  1   +10  57.2 
-0  38.22  |   -  0  39.0 

3  16  33.50 
3  12  24.78 

-10  31  45.1 
-10  49  36.3 

7.  165  [  0.842 
»'.i.5;;5    0.816 

w 
w 

Dec.      1 

5 
11 

IC  28  40 
17  13  59 

15  1  30 

16  8     2 

13 
14 
15 
16 

8 
11 
9 

8 

(258)  Tyche. 
+  0  34.31  1+1  50.8 
+  0     0.65     -11     8.9 
-0  27.73     -  2  21.0 
+  1  17.44  |   —  7     3.9 

5  :;7    1.28 
5  35     5.04 
5  34  15.22 
5  27  19.69 

+  4  58   11.2 
+   4   46     5.7 
+  4  35  37.8 

+   47  21.1 

//9.170 
«8.639 
«9.422 
w8.976 

0.724 
0.723 
0.730 

0.730 

w 
w 
w 

Mean  Places  for  1896.0  of  Comparison- Stars. 

Red.  to 

Red.  to 

* 

a 

app.  place 

8 

app.  place 

Authority 

1 

h       in       s 

23  43  25.13 

j  +4.21 
J  +4.22 

-    8   43   27.6 

+  25.7 

Weisse's  Bessel  XXIII. 

'_> 

23  54     0.97 

+  4.0S 

+    7  56  17.9 

+  27.6 

Bonn  VI;  DM.  7°5110 

3 

23  52  24.17 

+  4.08 

+   7  49  58.9 

+  27.7 

^(Glasgow (1)  +  Glasgow  (2)) 

4 

23  52  34.18 

+  4.09 

+   7  33  50.0 

+  27.7 

Bonn  VI;   DM.  7 '5100 

5 

2     1  46.16 

+4.30 

-  o     8  35.8 

+  2S.4 

£(Schur,  Gottingen  +  Copeland  and  Bbi 

gen) 

6 

1  51'   18.29 

+  4.35 

-  o  re,  17.o 

+28.0 

Bonn  VI;  DM.  -1°266 

7 

1  55  16.65 

+4.39 

-   1  24  39.8 

+  27.9 

Bonn  VI:  DM.  -1°273 

9 

2  38  58.88 

j  +4.78 
\  +4.79 

+  22  55  42.4 

\  +26.6 
t  +26.7 

Becker,  Berlin  A.G.  Catal.  821 

10 

2  33  43.15 

<   +4. SO 
1  +4. SI 

+  22  42  38.4 

+  "  7  2 

|(Paris  3278  +  Bonn  VI) 

11 

3  15  47.50 

+4.38 

-10  43     6.9 

+  24.6 

Weisse's  Bessel  III,  250 

12 

3  12   5S.5I 

+  4,16 

-10  49  21,1 

+  24.1 

,',i  Paris  3945  +  Radcliffe  (1890)779) 

13 

5  36  22.07 

+  4.90 

+   4  56     9.3 

-+11.1 

Boss,  Albany  A.G. Catal.  1851 

14 

5  :;i   59.45 

+  4.91 

+   4  57     3.7 

+  10.9 

"          "        "      1842 

15 

5  34  37.98 

+  4.97 

+     1   37  48.0 

+  10.S 

»          "         ••      1833 

16 

5  25  57.19 

+  5.06 

+   4   14   14.9 

+  10.1 

"           "         ••      L780 
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OBSERVATIONS  OF  COMET/ 1896  (perbinjs), 

m  mm      \  i    1  hi:    LICK    OBSEBVATOBl     Wll 12-INCH    l  <<\    \ IOB1  k.L, 

l'.v   WILLIAM   .1.   BUSSE1 


No. 

#- 

-* 

log  /'A 

1896  Mi.  Hamilton  M.T. 

* 

Comp. 

da 

,j8 

a                        S 

for  a 

for  8 

Nov.     2 

ll           111          s 

■1        7 

1 

6 

in        s 

+  4    15.2 

h       in        8 

+  25    ;.  hi 

0.690 

11    16  33 

1 

,/S 

+  i)  L6.26 

20  21   32.64 

9.712 

3 

8     5   l  1 

•> 

L2  .  ii 

+  2  35.67 

-:;  29.7 

2ii  19  59.25 

+  21  22  .v.i.:. 

9.520 

0.423 

5 

7  41     5 

3 

,/x  .  8 

+  0  19.69 

-1  :;::.l 

2ii  L6  35.06 

+  22   45    13.0 

9.491 

0.166 

6 

8    13   L6 

4 

,/s  .  8 

+0  35.11 

+  2  13.5 

20  11  56.50 

+21    55  47.9 

9.610 

0.530 

11 

7  55  39 

5 

,/s  .  8 

+  0  23.54 

+5  33.7 

20     8     1.43 

+  18     :i  24.5 

9.567 

0.557 

12 

S  13   is 

6 

d8  ,  8 

+  0     1.71 

+  1    111.2 

I'n    6  52. s;; 

+  17  25  39.6 

9.57(1 

0.578 

Dec.     4 

7  56  L8 

8 

18  ,8 

-0  52.48 

-2  33.6 

19  52     3.04 

+  4  36  56.1 

9.657 

(1.712 

M<  an  Places  for  1S96.0  of  Comparison- Stars. 


* 

a 

Red.  i" 
app.  place 

S 

Red.  to 
app.  place 

Authority 

1 

2(i''2l'"l  f."'.i 

+  2.29 

+  25     0  39.5 

+  19.7 

Becker,  Berlin  A.G.  Catal.  7697 

2 

I'd   17  21.32 

+2.26 

+  24  26  10.1 

+  19.1 

Becker,  Berlin  A.G.  Catal.  7661 

3 

L'n   16   13.09 

+  2.28 

+  22   46   57.9 

+  18.5 

Becker,  Berlin  AG.  Catal.  7648 

1 

20  11   L9.ll 

+  2.28 

+  21  53  16.3 

+  18.1 

Becker,  Berlin  AG.  Catal.  7631 

5 

2(i     7  38.59 

+  2.30 

+  18     3  34.7 

+  16.1 

Auwers,  Berlin  A.<  i.  Catal.  8019 

6 

20     6   18.81 

+  2.31 

+  17  24     7.1 

+  16.0 

l(i.VM  ±  connected  with  ^  7 

7 

20     9  23.59 

+  2.31 

+  17  29     0.9 

+  16.0 

Auwers,  Berlin  A.G.  Catal.  8044 

8 

in  52  53.1  1 

+  2.38 

+  4  39  21.1 

+  8.6 

Boss,  Albany  A.G.  Catal.  6924 

d  denotes  that  J,i  was  measured  directly  with  the  micrometer. 
3lt.  Hamilton.  Cal.,  1S97  Jan.  7. 


ELLIPTIC   ELEMENTS   AND   EPHEMERIS   OF   COMET  g  189(5  (perrixe)* 

ISy  YV.  J.  IIUSSEY  and  C.  D.  PERBINE. 


From  Mt.  Hamilton  observations  of  Dec.  8,  20  and  Jan.  5, 
re  computed  the  following  elliptic  elements  of  this 

comet. 

Epoch  1896  Dec.  8.5  Gr.  M.T. 


lS97.li 


Period,  6.67  years 
i       - 1  w  i  -  fob  the  Equator,  1897.0 

x  =  r[9.989420]  sin(«+139  15    7.3) 

y   =    ,''T9.979.->76J  sili(V  r     1.".   13   11. 5, 
z  =   r [9.568872]  sin (w+  83  48  39.4) 

With  the  exception  of  u  or  it  these  elements  closely  re- 
semble tli"  's  ael   .it   its  last  apparition  in 

L852. 


M  = 

a  = 

01      = 

IT     = 

2°    3'    9' 
246  30  22 
L63  51    11 
50  22     3 

13   45    19 

.5 
.1 

.5 
.6 

.7 

log  e  = 
log  a  = 
logfi  = 

9.836649 
0.549565 

2.725660 

Ephemebis  for  Greenwich  Midnight. 

log  A 


1897 

App.  a 

App.  S 

log?- 

.Ian  2S.5 

1  59  :>.'; 

+0    :!  r,i\ 

0.146 

29.5 

5     2    11 

9  17 

30.5 

5   27 

14  46 

0.150 

31.5 

8  11 

2(i  23 

Feb.    1.6 

1(1  52 

26     S 

(1.155 

2.5 

13  :;i 

:;i  59 

3.5 

16     S 

37  56 

0.160 

4.5 

18  43 

13  .".7 

5.5 

21  17 

50     1 

0.164 

6.5 

2:;  19 

56    9 

7.5 

2i ;  19 

1     2    19 

0.169 

S.5 

28    17 

8  31 

9.5 

:;i  14 

1  1  46 

0.174 

10.5 

:;:;   n> 

21      1 

11.5 

5  36     I 

+  1   27    16 

0.1 78 

Brightness  on  Dec 

8,  unity.     C 

irrectio 

L897  January  20.6: 

<)-('. 

n  a  +.V      , 

in  8  +1 

9.SS7 


Lick  Observatory,  University  of  California.  ls','7  Jan.  1  I. 


Br. 

n.12 


9.812       (MO 


9.858      0.08 


0.07 
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POSITIONS    OF   SOME    NEW   VARIABLES,   AND  NEIGHBORING    COMPANIONS 

FOR    IDENTIFICATION, 

Bi    .1.   A.  PAEKHUEST. 

The  following  positions  were  measured  with  Mu-  filar 
micrometer  attached  to  the  6.2-inch  reflector.  For  the 
catalogue  places  of  the  stars  on  which  the  positions  depend, 
I  wish  to  thank  Dr.  S.  C.  Chandler,  Prof.  Geo.  C.  Com- 
stock  and  Dr.  L.  DeBall. 


2013.      UAurigae. 
Comparisons  with  DM.  +  31°1058  (Leyden  Astron.  Cesell. 
Zones),  give  the  place, 


E.A. 


5  32  42.9 

34  1.0 

35  38.5 


Decl.   =    +31 


57  45 

58  31 

59  26 


(1855) 
(1875) 
(1900) 


11"  foil.  38.6  ,  0'.9  N   :   10".S  foil.  11-.5  ,  l'.l  S. 


7155.      HI!  Aquilae. 
The  place  of  tins  star  depends  on  S.DM.  — 2°5151,  which 
is Lalande 38013,  and  Miinich22369;  alsoS.DM.      2°5153, 

which  is  Schjellerup  7700.     I  find 


K.A.   = 


19  50     1.5 
52  24.8 


Decl.    =    -i 


12*.0  prec.  0-.3  ,  3'.5  S.   ;  11  ".8  prec 
7162.     RSAqvilae. 


16  8 
9  7 

30».7 


(1855) 
(1900) 

0'.5  N. 


This   depends   on    the    place   of   S.DM.  — 8°5186, 
De Ball's  unpublished  Astron.  Gesell.  Catalogue. 


from 


E.A..  =  19  51  17.0     , 
53  43.0 

12"  foil.  86  ,  0'.2  N. 


Decl.  =   -8  16  20     (1855) 
9  15     (1900) 

;     11'"  prec.  13'  ,  O'.l    N. 


OBSERVED   MAXIMA  AND  MINIMA   OF  VARIABLE   STARS, 

By  PAUL  S.  YENDELL. 


419.  U  Andromedae. 
Ten  observations  of  this  star,  from  1890  October  31  to 
December  23,  indicate,  rather  uncertainly,  a  maximum  on 
November  27.  Its  light  at  the  first  observation  was  esti- 
mated at  11M,  and  at  the  last  about  10^".  The  highest  light 
observed  was  about  9M.5. 

845.     R  Ceti. 
I  observed  this  star  thirteen  times,  from  189G  October  30 
to  1897  January  6.     From  9M.5  at  the  first  observation,  it 
rose  to  a  well-defined  maximum  of  8M.l   on  December  9, 
and  at  the  last  observation  had  decreased  to  9M.2. 

980.      VPersei. 
Eleven  observations,  from  1896  September  20  to  Decem- 
ber 31,  indicate  pretty  definitely  a  minimum  of  10M.3  on 
October  25.     At  the  first  date  its  magnitude  was  estimated 
as  9M.7,  and  when  last  observed  it  had  risen  to  9". 3. 

1113.      UArietis. 

Thirteen  observations  of  UArietis,  from  1896  October  6 
to  1897  January  23,  indicate  a  maximum  of  8M.2  on  Novem- 
ber 12.  It  was  9". 3  at  the  beginning  of  the  series,  and 
9M.9  at  its  end. 

1805.      V  Orionis. 

I  have  ten  observations  of  V Orionis,  from  1896  Decem- 
ber 1,  when  its  brightness  was  estimated  at  9M.3,  to  1897 
January  23,  when  it  had  fallen  to  9M.4. 

Dorchester,  Muss.,  1897  Jan.  L9. 


The  observations  indicate,  very  definitely,  a  maximum 
of  8M  on  1896  December  27. 

5601.     S  Ursae  Minoris. 

I  have  a  series  of  eighteen  observations  of  this  star, 
from  1896  August  25  to  1897  January  23.  A  maximum  of 
about  7". 8  is  very  sharply  indicated  on  1896  December 8, 
and  at  the  last  observation  the  star  had  decreased   to  8*.7. 

7450.      V Aquarii. 
Twenty-one  observations  of  YArjiinrii.  from  1X90  June  30 
to  December  27,  indicate  a  decrease   from  8M.7  to  a  well- 
defined  minimum  of  10". 2  on  Octi  her 24.      At  the  last  ob- 
servation the  star  had  increased  to  - 

7458.      V  Delph  in  i. 

I  have  secured  eighteen  observations  of  this  star,  fr 

1896  October  26  to  December  31.  At  the  first  observation 
its  brightness  was  9". 8.  It  rose  rapidly  to  a  maximum  of 
9M.0,  which  is  indicated  on  November  I  I.  At  the  last  ob- 
servation it  had  decreased  to  9".5. 

7500.      R  Vulpeculae. 
Ten  observations,  from   l8960ctober8   to  Decemberl, 
indicate  a  well-defined  maximum  of  8M.0on    November 3. 
The  star's  light  at  the  first  and   last  observations  was  9K.6. 
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ox    ANDERSON'S    NKW     VARIABLE    IN    ANDROMEDA, 


(1855)  0     12" 

V,\    .1.    A. 


18      .     +84     51'.8. 
P  \i;kiii  RST. 


king    for  Andkkson's    new   variable    in    Andro 
(see  4. .W.  3394),  on  the  evening  oi   Jan.  I'.',  1  found  a  star 
near  the  place,  fainter  than    II',  bul    probably    nol   much 
brighter  than   12",  although  1  could  not  judge  verj  accu 

alight.     I  measured   us  position  relative 

i,.  Bonn  VI,  .".I  L26,  with  the  result  : 


i;   \.       0    I.   L3.2 
I  I  39.4 


Decl.  =    1-34  :.!    16 

:;.-,    i;  32 


i 1 855 i 
(1900) 


lii.i,  :  ;i  I 'j  itar  15* following,  1'.4  north,  but  no  other 
bright  as  L2"  in  the  neighborhood.  Although  this 
single  observation  does  nol  identify  the  variable  beyond  a 
doubt,  yel  it  sets  an  upper  limit  to  its  brightness,  and 
makes  il  seem  probable  that  the  new  variable  changes  very 
rapidly. 

Marengo,  III.,  1897  Jan.  21. 


NKW    ASTRONOMICAL    WORKS. 


•michi  i  Fiaiche  sull  'asse  di  rotazione  •  sulla 
topogrqfia  del planeta  Warte:  Memoria  Quarta ;  G.V.  Si  hiapa- 
ki  i  i.i      Rome,  1896. 

This  is  the  fourth  memoir  of  a  series,  all  bearing  the  same  title. 
-i  three  were  devoted  to  the  oppositions  of  1877,  1879  80  and 
1881  82.     Che  presenl  one  contains  the  discussion  of  the  observa- 
tions, made  with  the  same  instrument,  the  Merz  8  bach  equatorial, 
during  the  opposition  of  1883  84.     Chap.  I  contains  the  determina- 
tion of  the  position  of  the  rotation-axis  from  the  observations  of  the 
northern  polar  spot;  and  a  comparison  of  the  results  with  the  anal 
letermination  bj  I>r.  Lohse  at  Potsdam  during  the  same  oppo 
sit  ion.     ( !hap.  1 1  describes  the  topographic  details  observed  on  various 
portions    of  the   planet's  disk;  and  chap.   Ill  presents  a  compar- 
ative study  of  the  phenomena  of  the  northern  polar  cap,  and  of  the 
gemination  of  the  canals,  at  the  oppositions  of   1881  s^  and  1884. 
Among  the  peculiarities  with  regard  to  the  latter  phenomenon  re- 
marked by  Schiaparklli  may  be  mentioned  the  tendency  of  the  dup- 
to  follow  the  direction  of  some  other  canal  which  lias  its 
fonts  in  tin' stun, ■  lake,  and  the  fact,  still  more  odd  and  interesting,  that 
niation  seen  at  one  opposition  in  one  of  the  influent  canals, 
follows  in  another  opposition  a  canal  running  in  a  different  direc- 
tion.    The  interpretation  of  these  singular  observations  must  awail 
elation  of  the  nature  of  the  geminations  and  the  mysterious 
cause  which  produces  them.  C. 


B  ■    erlichen   Universitats-Bternwarte  in  8trassburg. 
.  Becki  r. 
The  Strassburg  Observatory  was  founded  in  1S72  by  the  Emperor 
Wilhelm  1,  upon  a  scale  of  very  great  liberality.     The  buildings  and 


observing  arrangements,  devised  bj  Winnecke,  marked  s thing 

of  an  epoch  in  observatory  construction;  and  thej  elicited  warm  ex- 
pressions of  admiration  from  the  members  of  the  AstronomUche 
Gesellsehaft  who  gathered  at  the  Strassburg  meeting  in  1881  to  In- 
spect the  completed  wink.  The  new  observatory  experienced  a  heavy- 
Calamity  in  the  illness,  iii  1882,  of  its  first  director,  Winnei  KE,  who 
was  incapacitated  for  duty  from  that  time,  and  who  was  compelled 
to  resign  In  1886. 

Dr.  E.  Becker  was  appointed  director  in  1887,  and  while  engaged 
in  important  current  work  oi  thi  i  bservatory  lias  labored  assiduously 

to  bring  U)i  arrears  of    computation   and    publication.      The    present 

volume,   containing  the  results  of  observations   with  the   Repsold 

.Meridian  Circle  from  1882  to  Sept. 9,  1886,  is  the   lirst    of  the   Annals 

of  the  Strassburg  Observatory;  and  this  is  to  be  followed  shortly  by 
the  second  volume,  which  is  to  contain  the  continuation  of  the  Me- 
ridian circle  results  to  the  end  of  the  first  series  of  observations,  in 
tin-  spline  of  1888.  This  series  embraced  a  variety  of  observations, 
ebietlx  those  upon  the  Sun  and  major  planets,  upon  the  806  stars 
selected  as  standards   for   the  southern   zone's  of  the  Aitronomische 

Gesellsehaft,  and  absolute  determinations  of  the  declinations  of  the 

principal  stars.  The  present  volume  contains  a  brief  description  of 
the  observatory,  and  Of  the  work  with  the  .Meridian  Circle.  The  dis- 
cussion of  the  instrument,  to  ascertain  the  form  of  pivots,  the  flexure, 
the  errors  of  graduation  (for  every  5  band  other  instrumental  con- 
stants, is  given  in  full  detail.  The  author  points  out  the  want  of 
homogeneity  in  the  work  due  to  the  successive  engagement  11)1011  it 
of  a  large  number  of  observers,  some  of  whom  had  previously  pos- 
sessed but  little  experience  in  this  class  of  observations.  Inspection 
of  the  work,  however,  leads  to  the  conviction  that  these  results  will 
prove  to  possess  a  high  value  for  the  purposes  intended.  I,.  H. 


CORRIGENDA. 

No.  392,  p.  61,  line  6  from  below,    for    9*.27  and  16".9    /•»'    5".70  and  11*.6. 

••     p.  02,  in  observations  of  1896  Oct.  29  and  :!<),  the  first  time  corresponds  to  position-angle,  the  second  to  distance. 
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Observations  oi    i  596    Perrini    .  by  Prof.  William  J.  Hussby. 

Elliptic  Elements  and  Ephembris  oi  Comei  g  1896    Perrine),  by  Prof.  W.  J.  Hossey   isn  Mr.  C.  I).  Perrine, 

Positions  01    Somi    Niw   Variables,  anjj  Neighboring  Companions  for  Ldentification,  by  Mr.  J.  A.  P-arkhcrst. 
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On  Anderson's  New  Variable  in  Andromeda,  by  Mr.  J.  A.  Parkhurst. 
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ON    THE    YALUES    OE    THE    ECCENTRICITIES    AM)    LONGITUDES    OF    THE 
PERIHELIA   OF   JUPITER  AND   SATURN  FOE    DISTANT   EPOCHS, 

By  O.  W.  HILL. 
The  values  of  these  elements  derived  from  bhe  formu- 
las given  by  LeVerrier  and  Stockwell,  in  their  general 
treatment  of  the  secular  variations  of  the  elements  of  the 
large  planets  of  the  solar  system,  are  considerably  in 
error  at  remote  epochs  on  account  of  the  negleci  1>\  these 
investigators  of  the  terms  arising  from  the  squares  and 
products  of  disturbing  forces.  Tims.  Stockwell  puts  the 
length  of  the  period  of  the  principal  inequalities  of  the  ec- 
centricities and  perihelia  of  Jupiter  and   Saturn  at   691  10 


years;    bu1   55000  years  is  a  much  nearer  approximation 
to  it. 
In  ascertaining  the  modifications  the  perturbath  e  function 

Lergoes,  h\  reason  of  terms  of  1  wo  dim  en  si  mis  with  respect 

to  disturbing  forces,  we  arc  obliged  to  have  recourse  to  the 
labors  of  LeVerrier,  as  no  one  else  has  derived  them  in 
the  form  which  is  necessary.  I  have  given  the  results  in 
this  Journal,  no.  204.  From  the  values  of  the  coefficients  of  I!. 
the  perturbative  fund  ion,  1  deduce  the  following  expression  : 


II  =  0".002906504e2  +  0".002631048e'2  +  0".00859488  ei  +  0".0926819  eVa 

+0".0591391e'4+0".28648e6  +  7".2004eV2  +  19".8285eV4  +  5".9589e'6 

-  [0".003565305  +  0".0561361  e2  +  0".145101  <■'-+  2".87238e4  +  23".9129eV2  +  21".7899 e' 4] ee'  cos  (V     ») 

+  [0".0436099+4".77063e2  +  13".1094  e'2]eV2  cos2(w'— <o)  -  2".61437eVa  cos3(a>'-o>). 


The  coefficients  of  this  expression  are  generally  the  mean 
of  the  values  deduced  from  LeVerrier's  four  equations; 
but,  for  the  coefficient  pf  ee'cos(a>'— «o),  I  have  preferred 
the  value  which  results  from  the  equations  for  Saturn,  as 
the  motion  of  the  eccentricities  al  the  epoch  L850,  thus  ob- 
tained, more  nearly  agrees  with  that  of  my  New  Theory  of 
Jupiter  and  Saturn  :  and,  as  the  motion  of  the  perihelion 
of  Saturn  at  the  same  epoch,  so  far  as  it  results  from  the 
inter-action  of  Jupiter  and  Saturn,  from  the  same  theory  is 
19".95426,  to  bring  about  an  agreement,  I  have  supposed 
that  LeVerrier's  coefficient  of  the  term  +  18".12312e'  in 


the  expression  for 


ought  to  be  increa  ed    b 


<■'      ,/,„' 
cos  ip'    dt 
u".:;.  and  thus  be  read  +  L8".42312. 

Desiring  to  pursue  a  similar  course  to  that  in  a  previous 
paper  (Annals  of  Mathematics,  Vol.  A",  p.  177).  and  gel  a 
form  of  the  perturbative  function  in  a  measure  independent 
of  the  values  assumed  for  the  massi  >i  the  planets  and  of 
the  linear  unit.  1  multiply  the  coefti  i  tits  of  the  preceding 
expression  by  a  factor  whose  logarithm  is  1.9212280,  and 

put      e2  =  402-404      ,      e'2  =  40'2-40'4,      and  express  the 

development  in  powers  of  cos(<o'  — wi    instead  of  in  cosines 
of  multiples  of     to'— eo.     Tims  we  have 


"    J2  =  0.9697480  &  +  0.8778427  0'-  +  1O.5OO904  +  65.4910W2  +  7S.O6290'4 
id  m 

+  1506.4  0*  +  12905.5  6*6' 2  +  35803.5  ffW*  +  31652.9  6n 

-  [1.1895555+58.9054  6  2+193.0457  B1 2+ 1 524 1.4  b'  +  8566<  1. 1  W  2+116l  (32.8  0'4] 

+  [116.4O27  +  5O818.302+139849.O0'a]02<9'2cos2(a>'-<u)  -  55825.8  6*6'*  cos»(«/-« 

If  the  coefficients  of  this  expression  are  compared  with 
those  of  the  similar  expression  in  the  memoir  quoted  (p.195) 
it  will  be  seen  how  much  the  convergence  of  the  series  has 
been  diminished  by  the  inclusion  of  terms  of  two  dimen- 
sions with  respect  to  disturbing  forces. 


9'  cos(<u'     ... 


Denoting     ni\Jlia 
have  the  integral 


m'yJl 


+ 


severally 


A'- 


(81) 


82 
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E"  being  an  arbitrary  constant  whose  value  must   !"■  ascer- 
tained by  substituting  in  the  equation  for  b  and  H'  the  \  alues 
they  have  at  a  determinate  epoch,  as  1850.     The  \  alues  we 
attribute  to  the  masses  of  Jupiter  and  Saturn  are  severally 
!  u  ( j  ,,,and     ,,,',„.     the  first. being  Bessel's  value  aug 
mented  hj  a  2000th  part.     W  e  take  a    as  the  linear  unit, 
and  thence    logo  =  9.7367410.     Thus    logA  =  t.5757581, 
1.7721022.     We  assume  the  following  values  ol 
the  eccentricities  and  longitudes  of  the  perihelia  for  L850 : 
e  =  0.04825336,         e'  -  0.05605744, 
«„  =  11    54'  26".77,     ,.,'  =  90   6'38".45. 

Bui  these  values  ol  course  include  the  effed  of  the  pres- 

en< E   Uranus,  Neptune,  etc.,  and.  desiring  to  work    as 

though  Jupiter  and  Saturn  were  alone,  we  subtract  from 
the  values  of  e  cosu  .  <  sinu,  etc.,  the  berms  due  to  the 
presence  oi  planets.     The  values  of  the  former, 

at  the  epoch  L850, 

u  =  +0.04721505,      e  sin  «B  =  +0.00995615, 
010829,     •'  Mil,,,'  =  +0.05605730 


and  the  terms  of  these  due  to  the  other  planets,  derived 
from  Si  o,  ku  ii  i.'s  formulas,  are 

0.00057480,  +0.00194960,  —0.00053070,   +0.00180250. 

I'.\  sulit ract ing  t  ttese  « e  obtain 

e  sin,,,  =  +0.00800655, 


,„         I  0.04778985, 
osw'  =  +0.0004224  I . 

and  thus  result 


=  +0.05425484, 


e  =  0.04845509,        e'  =  0.05425649, 
,„  =  9°  30'38".93,     .,/  =  89°  33'  1  l".12. 

The  substitution  of  these  values  of  e  and  <■'  in  the  inte- 
gral equation  gives  Log  A"  93.7956760.  Then  we  can 
replace  the  variables  0  and  0'  by  the  expressions 

6  =  [8.4735961  |sin£v     ,     6'  =  [8.6699402]  cos  £  ?. 

The  potential  function  ii  becomes  then  divisible  by  K, 
and  we  will  put  V.  =  KR,  where  this  /,'  must  nol  be 
confounded  with  the  /,'  we  used  at  the  outset.  Then,  writ- 
ing x  for  eos  r,  we  gel 


B  =  0.0006895184  +  0.0003724115  x  1-  0.0000727015  a:"  +  0.0000109446  i 

-  [0. 1889780  +  0.0001386728x  +  0.0000304563a;2]  sin  >■  cosy 

+  [o.(i(i .16764  +  0.00002756^0 x]  sin2 v  cos2 y 

_O.00000S2O<l.-.  siirVco     y, 


:,  for  brevity,  y  is  put  for 


The  partial  derivative  of  fl  with  respect  to  iTis  needed  in  the  discussion,  and  we  have 
0.0005743155  a:  +  0.0001902984  a;2  +  0. 328338  - 

COS  7 


A/"  -  0 80022 

.'A 

-  [0.0006723170  +  0.0003598214  a:  +  0. 10913689  a;2]  si 

+  [0.0001604290  +  0.0000826980 a-]  sin2 v  cos2y 

—  0.0000246285  surV  i 


A ^  the  terms  of  these  two  equations,  written  above,  are 
only  the  beginnings  of  infinite  series  we  will  add  to  them 
some  additional  terms  obtained  by  induction,  as  thereby 
the  results  are  probably  rendered  more  exact.  By  substi- 
tuting in  the  first  the  values  of  x  =  COSv  and  sillvCOSy 
which  hold  at   1850,  the  value  of  the  constanl    C,  in  the 


ascertained. 

.       y    =    80       : 


integral  equation     /,'  =  C,     i 

we  have     v  =  109°  3'  31".62 

convenience'   sake   we   divide  the  equation 

-0.000488978,  the  coefficient  of   sinvcosy 

this  coefficient  is  unity  in  the  equation  which  follow 

brevity  we  write  y  for     sin  p.cosy.     Then 


At  thai  time 
35".19.  For 
R  =  C    by 

in   it.     Thus. 
For 


0.380051.' 


[9.8817338]  a:    +  [0.0000000]?/ 


-  [9.1722541 
_  [8.350834  I  |  i 
-[7.41717      J, 

-  [6.3722        |  x 
-[5.2149       ]x 

3.95  ],- 


+  [9.4527020]  xy 

+  [8.7934640]  x'hj 

+  [8.0222860 

+  [7.13917     ],-V 

+  [6.1441 

+  [5.0371 

+  [3.82 


-  [9.1008297]  i/ 

-  [8.7510845]  xif 

-  [8.2893993]  a;2// 
-[7.71577 

-  [7.03021 
]  x*y  -  [6.2327 
]V,/  _  [5.3233 
].,--'(/  _  [4.3019 

-  [3.17 


+  [8.225028]  //3 

+  [7.825028]  xy1 

+  [7:22503  ]a;y 

)x*y*  +  [6.4250     ]/V' 

|a-y  +[5.4250     ]..-y 

],V  +[4.22         ]aV 


]  *V 


-[7.28163]// 

516      i  / 
-[4.8816    \x*y4 

>y 


■     6.2828]// 
•     5  1828]a;?/ 
+  [4.4828]a;y 

i- [3.28   ]..-y 


[5.2210]  y* 

-  [4.2210]  xy6 

-  [3.02     ]a;y 


+  [4.0961  \y' 
+  [3.10     J.--//7 


-[2.91]*/ 


.■■ing  may  he  regarded   as  the  equation   in   rec- 
■idinates  of  a  plane  curve.     It  is  obvious  that 


we  need  consider  only  the  portion  between  the  limits  ±1 
oi  the  abscissa.     We  therefore  c pute  f or  every  0.1  of  x 
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x:; 


between  these  Limits  the  corresponding  value  of  y,  and  get 
the  following  table,  where,  in  order  to  exhibit  the  quality 
dt'  the  function,  the  differences  are  also  noted  : 


—1.0 

-0.3171623 

-0.9 

0.2463770 

-0.8 

0.1753587 

-0.7 

0.1041301 

-0.6 

-0.0327117 

-0.5 

+0.0388788 

-0.4 

0.1106277 

-0.3 

0.1825261 

-0.2 

0.2545709 

-0.1 

0.3267661 

0.0 

0.3991238 

0.1 

0.4716662 

0.2 

0.5444277 

0.3 

0.6174572 

0.4 

O.6908203 

0.5 

0.7646030 

0.6 

0.8389159 

0.7 

0.9138992 

0.8 

0.9897307 

0.9 

1.0666328 

1.0 

+1.1448782 

+707853 
71o  is:; 
712286 
714184 
715905 
7174S9 
718984 
7204  is 
721952 

725424 
727615 
730295 
733631 
737827 
743129 
749833 
758315 
769021 
+  782454 


+  2330 
2103 
is;  is 
1721 
1 584 
1495 
1464 
1504 

is  17 
2191 
2680 
3336 
1196 
5302 
6704 
8482 
107O0 
+  13433 


205 

177 

137 

89 

31 

-     40 

121 

222 

;;44 

189 

656 

SCO 

1106 
1  102 

177S 
2224 


I  2 


+  22 
28 
40 
48 
58 
71 
81 

101 

122 
Ur. 
167 
204 
246 
296 
376 
440 
+503 


+  6 
12 

S 
10 

13 
10 

20 
21 
23 

22 
37 
42 
50 
So 
70 
+57 


The  value  of  y  expanded  in  powers  of  x,  which  might  be 
derived  from  the  foregoing  table,  forms  a  series  too  slowly 
convergent  to  be  used,  but  the  table  will  serve  instead.  The 
variables  x  and  y  do  not  move  through  the  whole  range  of 
the  table,  but  only  between  the  two  limits  which  satisfy  the 
equation  .<•'-  +  //-  =  1.  By  trial  from  the  data  of  the  table 
we  find  for  the  first  limit 
.;■  =  cosv  =   —0.9578284  .  y  =  sin  v  cos y  =  —0.2873410, 

y  =  180°  ; 
and.  for  the  second  limit 
x  =  cosv  =  +0.5735289  ,  y  =  sin?  cosy  =  +0.8191854, 

y   =   0°. 

The  angle    v    then    moves   between   the  extreme   values 
v  =  55°0Ul".97    and    v  =  163°  18'  4".20.     These  values 
correspond  to  the  maximum  and  minimum   values   of  the 
eccentricities,  and  we  have 
When         y  =  0°        e  = '0.02747989         e' =  0.08289313 

«  y  =  180°     e  =  0.05885862         e<  =  0.0135817  1 

■  But  these  are  the  values  which  result  when  the  inter- 
action of  Jupiter  and  Saturn  is  alone  considered.  To  obtain 
the  actual  maximum  and  minimum,  the  sum  of  the  co- 
efficients of  the  terms  arising  from  the  presence  of  the  other 
planets  must  be  applied.  According  to  Stockwell's  in- 
vestigation these  are : 
For  Jupiter  0.0020673     ;     Saturn  0.0019165. 

Thence  we  have  the  maximum  and   minimum  values  as 
follows  : 

Maximum  Eccentricity      Minimum  Eccentricity 
Jupiter  0.06092592  0.02541259 

Saturn  0.08480963  0.01166524 


l'.\  putting 
1     .<■-     //-'  =  sin-r  sin-'y  =  (0.5735289— x)(a;+0.957828  \)Q 

Q  is  a  factor  whose  variation  is  small  relatively  to  its 
magnil  ude. 

Prom  the  table  giving  the  values  of  y  corresponding  bo 
the  set  values  of  X  may  be  obtained  the  values  of  Q  cor- 
responding to  the  same  argument.  Calling  ft  the  factoi 
—  0.000488978,  by  which  we  have  divided  the  equation 
/,'   =    C,     we  get  the  values  of     ,  corresponding  to 

the  same  argument,  by  differentiating  the  preceding  equa 
tion  connecting  x  and  y,  with  respect  to  y,  and  substi- 
tuting in  the  result  the  value  of  y  from  the  preceding  table. 
In  this  wa\  are  derived  the  following  values  of  log    Q    and 


1  '"'' 

*  h  dy  ' 

X 

log  Q 

log  , 

V''  dv  i 

-1.0 

0.1806684 

9.9174264 

-0.8 

0.1815019 

9.9249009 

-0.0 

0.1822846 

9.9327715 

-0.4 

0.1830558 

9.9409367 

—0.2 

0.1838695 

9.9492582 

0.0 

0.1847981 

9.9575473 

0.2 

0.1859370 

9.9655508 

0.4 

0.1874115 

9.9729259 

0.6 

0.1893944 

9.9792066 

As  the  variable  v  does  not  move  through  the  whole  cir- 
cumference, we  substitute  for  it  an  auxiliary  variable  if/  pos- 
sessing this  property,  such  that 

x  =  cosv  =  —0.1921497   —0.7656786  cos ij/. 

Then  for  the  elaboration  of  the  equation 

=    _  J£. 

we  have  the  following  table  of  values,  given  for  intervals 
of  0.1  in  x,  in  order  to  facilitate  the  following  change  to  the 

variable  \\i : 


VQ 

-1.0  2008.862 

-0.9  L990.925 

-0.8  1972.690 

-o.7  1954.204 

-0.6  1935.517 

•0.5  L916.688 

-0.4  1897.780 

-0.3  1878.864 

.0.2  L860.021 

-0.1  is  ||. ;;;;.-, 

0.0  1822.907 

0:1  1804.845 

0.2  1787.275 

0.3  1770.:;  lo 

0.4  1751.200 

0.5  1739.039 

0.6  1725.071 


-17.937 
1 8.235 
18.486 
18.687 
18.829 
18. 90S 
18.916 
18.843 
L8.686 
18.428 
18.062 
17.570 
16.935 
L6.1  10 
15.161 
13.968 


-  298 
251 
201 
1  12 

79 

—  8 
+     73 

157 
25S 
366 
192 
635 
795 
979 
+1.193 


■  17 
50 
59 
63 

71 
81 
M 

III! 

108 

120 
I  13 

Kio 
is  | 
211 


+  3 


10 


18 

17 

17 

2  1 

+30 


84 
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By  interpolating  in  the  preceding  table  we  obtain  the 
values  of  the  function  corresponding  to  equidistant  values 
..t  the  angle  c  as  follows: 


II 

0.9578284 

2001.337 

15 

0.9317385 

1996.652 

30 

0.8552468 

L982.799 

15 

0.7335662 

L  960.435 

BO 

0.5749890 

L930.819 

75 

0.3903219 

L895.948 

90 

0.1921  197 

L858.547 

in;, 

r  n. 10225 

L821.808 

L20 

0.1906896 

1 788.887 

135 

0.3492668 

i:<;l'.l'tn 

l  .",1 » 

0.4709474 

1743.331 

L65 

0.5474391 

1732.249 

L80 

•  0.5735289 

17-.'s.r,;;.s 

i  •  hanical  quadratures  to  tin-  values  in  the 
olumn  we  obtain  tor  the  periodic  series  representing 
the  latter  function, 

,11 


-     1861.5617+138.234 cos^+3.217  cos  2$ -1.861  cos3i^ 


+0.205  cos4^-0.024  cos5<^+0.003  cos  6^ 
Whem  ration, 

t±r  =  1861.5617^+138.234  sin ^+1.608  sin 2^ 

-0.620  sin3^+0.051  sin  ty— 0.005  sin.-,,,',. 
Calling  to  mind  that  we  have  put     a'  =  1 

d\  KR) 


thai   the  mean  motion  of  Saturn  is  denoted 


by      l;;;'"-,; 
•     \3501.6 


But,  when  the  Julian  year  is  adopted  as  the  unit  of  nun'. 

the  mean   motion  of  tins  planet   is    13996".08.     The  an 

motion  of  the  argument  \p  in  a  year  is  thru 


i::'.i;tr,"..>s     13501.6   _   .,.,„  ,...„.,, . 
L861.5617  \3502.6 
and  the  period  in  which  the  principal  inequalities  of  the 
eccentricities  go  through  their  round  of  values  is  54844.16 
years.     Putting   1/  for  23".63059  (t+c),  we  have 
.1/  =  ^r+15316".6  sin^+178".2  sin2^— 68".7  sin3^ 

+  .->".:  sin  ty— 0".5  sin5^+0"J  sin6f 
In  order  to  have  the  proper  value  of    1/  corresponding  to 

a    given    date,    li the    value   of    v   previously   given    for 

1850.0,  for  the  same  epoch,  we  derive     \f>  =   280   6' 31".13  ; 
whence     M  =  275°  53'  15".3.     Thus  the  formula  for  .1/ is 
M  =   275   53'15".3  +23".63059  (t-1850). 
It  remains  to  devise  some  method  of  obtaining 
the  quantities  <o  and  a,'.     For  this  purpose  we  employ  the 
equal  ion 

dy   _      dy  _     x*y 
./(„,  +  ,,/     Ct)  dK  1 


<ty  Vq 

Prolonging  the  series  previously  given  for 


dK 


by 


it   is  olr-  lOUS       lliilui  till.  Vi  e  ha\  e 


dK 


ii. 8002223  -[6.8275741] y      +[6.2052829 

+  [6.7591505]*  -  [6.5560870]  a:#    +  [5.9174950]*/ 

-1-  [6.2794352] a:a  —  [5.9607984]  afy  +[5.37190     ].-■-//- 

•     5.5163212] x*  -[5.18949     ] x'y  +  [4.56630     ].-V 

+  [4.49829     ] x*  -[4.1581       ]x*y  +  [3.5007       >y 

+  [3.2683       ].'-■'  -[2.88  i    i   +[2.1851       ]*y 


-[5.3914379]/ 
-  [5.0904079]^ 
-[4.52938  ]*y 
-[3.70835  >-V 
-[2.6273  >V 
-[1.2963       ].-V 


+  [4.39477] y*  -  [3.1733]/ 

-  [4.04477]*/  -[2.7933]*/ 

+  [3.43477>V  -[2.1533]*y 

+  [2.5748    |*V  -  [1.2533] *y 
+  [1.4748  ]*4/ 

I'.-,    ittributing  to x  values  evenly  spaced  from    x  =       1.0 
to  x  =  0.6,   and  to  y  it-  corresponding  values  we  get  the 

folio-wing  table  of  values  for  this  function  : 


+  [1.8417]  / 
+  [1.4417]  xtf 
+  [0.7817]**/ 


[0.2102]  / 


1000 


<'(hi:> 


We    can    write    the   differential    equations   determining 

and  ../  thus : 


dK 
1.0  +0.5203093 


0.9 

-0.8 
-0.7 

0.6 

0.5 
-0.4 
-0.3 

0  2 
-0.1 

0.0 

II. 1 

0.2 
0.3 
0.4 
0.5 


0.5235117 
0.5267640 

0.5334725 
0.5369525 
0.5405299 
0.5442128 
0.5480072 
0.5519157 
0.5559365 

0.56 '.-1 

0.5642777 
0.5685593 
0.5728712 
0,5771631 


0.6  +0.5813673 


+- 32024 
32523 
33161 
33924 
34800 
35774 
36829 
:;7!i44 
39085 
10208 
11256 
12156 
12816 
13119 
12919 
+  12042 


+  199 
638 
763 
876 

'.»7  1 
1055 
1115 

I  1  II 
Hi':; 
1048 

'. 

ecu 

-    303 

2i  ii  i 


+  139 
I  25 
113 
98 
81 
60 
■jr, 
18 


+ 


1  is 
240 
357 
503 
-677 


14 
12 
15 
17 
21 
34 
II 
7>7 

7:; 

92 
117 
1  16 

171 


+    2 


1 
13 
in 
13 
16 
I '.i 
25 
29 
28 


do, 


^ 


d(KR)  dC  ,              dx  r  1-x- 

<*K         ..  V^ 

dy  n_      dy       xy 

d{KR)  dO_  K       ''dx^l  +  x 

>ik    Vq  Vq 


da,    _  ['.Ui.V.INirJl] 

d\f,  1     '■ 

dJ_  [9.1099174] 

dd,  l+x        i" 


where  the   values  oi      Fand  F     corresponding  to  special 

values  of   i   an tained  in  the  following  table  : 
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85 


1.1) 

+  0.6866546 

0.9 

0.6854  170 

0.8 

0.6840588 

0.7 

0.6825321 

0.6 

0.6809090 

0.5 

0.6792271 

o.l 

0.0777)1X1' 

0.3 

0.6758080 

0.2 

0.07  11  137 

0.1 

0.6724410 

0.0 

0.6707828 

0.1 

0.66911  is 

0.2 

0.6673780 

0.3 

0.6655045 

O.l 

0.6633805 

0.5 

0.6608523 

0.6 

+  0.07,77  is:; 

12070 
13888 
L5267 
16231 
16819 
17089 
17102 
16943 
16727 
16582 
16710 
17338 
18735 
21240 
25282 
31340 


1818 
1379 

DO  I 

588 

270 

13 

+  159 
216 

+    145 

-  128 
628 

1397 
2505 

101.' 

—  6058 


It  will  be  perceived  thai       ,    and    ,        become  infinite 

,1x1,  ,/lj, 

when  in  the  first     x  =  1     and  in  the  sec 1     ./■  =  — 1. 

This  is  explained  by  the  circumstance  that,  in  this  ease, 
the  one  and  the  other  of  the  eccentricities  become  zero,  and, 
consequently,  the  positions  of  the  perihelia,  indeterminate. 
Although,  in  the  present  application,  x  dues  not  attain  either 
of  these  values,  yet  it  is  necessary  to  separate,  in  the  form- 
ulas, the  portions  which  heroine   infinite,  viz. :   the  terms 

f  f 

jp —  and  ,.•_,        /and/' being  constants.     It  thus  becomes 

necessary  to  discover  the  values  of /and/'.     This  we  do 

by  assimilating     i  -^  ,     which  is  to  be  divided  by    1  —x 

'  Vq 

or    1+r,   to  a  polynomial  in*.     The  theorj  oi  algebraical 

equations  shows  that  the  remainders,  left  after  the  several 
divisions,  are  what  the  function  divided   becomes,  when,  in 


the 


first 
-1. 


case,    we    make 
1  Jut  we  have 


=  1, 


and,    in    the    second, 


■'•!/ 

Vq 


l(a-j)(x-b) 
\  1  —  x-  —  y'1 


■where 


=  h,xy 

and    li      arc  respectively  the  superior  and  inferior 
F  =  0.6734830  +  0.0134490  cos  i/r 

F>  =  0.6734830  +  0.0070854  c 


/•" 
+  0.680131  I 
0.6800189 
o  6795799 
0.6788640 
0.6779247 
0.6768180 
0.077,0011' 
0.6743307 
0.6730602 
0.6718403 
0.0707170 
0.6697310 
0.6689139 
0.6682844 
0.66784  lo 
0.0077,71'.) 
+  0.6674348 


-    1 1 22 

1390 

7159 

9393 

1  1007 

12168 

12705 

12705 

12199 

11233 

'.(SCO 

8171 
6295 

I  l"| 
2691 

I  nil 


\- 

3268 
2769 

223  I 
107  1 
1101 

-  537 
0 

+  506 
966 
1373 
1689 
IS70 

1891 

1713 

+  1290 


limiting  values  of  .<•.     Thus  the  remainders  arc  severally 
V(l— a)(l— bj    :l,iil     V (T+ii)i  1+1' )  !      and  we  have 

/  =    -V(l-a)(l— b)     ,     ./"   =    +V(l+a)(l+b). 
Interpolating  the   values   of    /•'and   /■"    to  correspond  to 
equal  intervals  of  the  auxiliary  angle  </,.  preciseh  as  was 
dt 
dp 


done  tor  the  function 


we  set 


* 

F 

F' 

0° 

0.6861706 

0.6801257 

15 

0.6858527 

0.6800921 

30 

0.6848457 

0.6798599 

47, 

0.6830572 

0.6791319 

60 

0.6804925 

0.077001  1 

77, 

0.6773524 

0.6754797 

ill) 

0.6739*817 

0.6729620 

105 

0.6706829 

0.07007).';  I 

120 

0.6675439 

0.6689822 

135 

0.664  1982 

0.6680445 

150 

0.6616393 

0.6676374 

165 

0.6594553 

0.6674958 

180 

0.6586206 

0.6674627 

By  the  well  known   process   we  obtain   for  the 
series  represnting  /'and  /•'': 


iriod  ic 


0. 7873  cos  2^  +  0.0002755  cos  3^ 

0.0002945  cos4^  +  0.0000505  roS7„/,  -  0.0000058  cos6<^, 
■/,  4-  0.0004198  coslV  -  0.0007822  cos3^< 
-  0.000107)0  cos  4i/-  +  0.0000282  cos5i£  -  0.0000036  cos  6^. 

The  constant  terms  of  the  two  functions  havi me  out  equal,  as  they  should,  and    thus    we    have  a 

the  accuracy  of  the  computation. 

Integrating  the  expressions   for  and  we   gel 

dip  (/{]/ 

,„   =  c  —  arc  tan[  [9.6690575]  tan  .1  </,]  +  0.6734830  </<  +  l'774".l  sin./,  —  8F.2  sin  lY 

+  IS".!)  sin. "5^  —  17,".!'  sin 4^  +  2".l  sin5^  —  ()".!'  sinO^. 

«,'  =  c'+  arc  tan  [  [0.7859273]  tan  S <//]  +  0.6734830^  +  1  lot"..",  sin^  +  t*3".3  sin  2xf> 

—  53".8  sin3i/<  —  5". 4  sin -\\p  +  1".2  sin7,i//  —  0".  1  sinlty. 


check 


It  will  be  perceived  from  these  formulas  that,  ill  the 
period  of  54844.16  years,  in  which  the  eccentricities  of  the 
planets  go  through  their  round  of  values,  the   perihelion 


of  Saturn  advances  through  an  arc  122°  27'  13".9,  and 
that  of  Jupiter  through  an  arc  a  circumference  less,  or 
62    27'  L3".9. 
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N-  :;;t; 


Although  we  now  have  all    the  formulas   necessary    for 

ascertaining  at   any  time  the  considered    elements   "I  the 

ts,  in  makiii  investigations   on    the   pertur- 

,  of  Jupiter  and  Saturn  it  is  very  convenient  to  have 


t  he   foiu    fund  ions     e  cos sin  i„.    <■' 

expressed  explicitly  in  terms  of  the  time 
h  e  deri  \  <•  t  he  two  expressions 


ens,,,'    and 
For  this 


e  sin  ,1, 
put  pose 


„>  =    +0.3730883  Jgf[1.1734830^+c+2774".l  sin^i     81".2  sin2^+. 

+  1.0261360jl°?[0.1734830^+c+2774''.l  sin,/,     81".2  sin2f+. 
jgfo)'  =    —  0.7298805 g»|  1.1734830  ^+c+l  161".5  sin^+  13".3  sin2i/»— . 

+0.5245233 JJjf  [0.1734830 ip+c+1  161".5  sini/  I  13".3  sin2^— . 


\\ e  transform  these  expressions  so  thai  thej  stand  tlms  : 
.    C0S<u    =    /.  H's\-  .V  sin  y  + /' cos  y' —  ,V  sinx' 

.       SUltl)     =      /.     sill  y    +    .Y    COS  y    +/'   sill  y'   +    N  ens  x' 

COSttf'    —     /.   cos  y  —  .V  sin  y  + /"cos  y'        ,S"Miiy' 
,  '  sin  „>'  =    /.'  sin  y  +  .V'cos  x  +  P'sinX'  +  S'COS  y' 

where  v  denotes  1.1734830  M+c,  and    tf  0.1734830  M"+e, 
and  compute  the  special  values  of  /..  N}  etc.,  corresponding 
idistant  values  of  M.     The  values  of  i/.  correspondent 
to  the  \  alues  of  .'/.  are 


y> 


u 


o          ii     ii     0. ii  105  100 

1.1         l:;  57    12.7  L20  116 

30         27  58  49.6  135  131 

15         52     (i    15.5  150  I  17 

60         56  24  52.4  165  163 

75         70  56  21. 1  180  L80 
mi         85    13  56.6 

The  resulting  values  of  /..  .V.  etc.,  folli 

computed  for  everj   \'<    of  M.  but   it    is 

here  to  give  them  for  c\ eri  30  . 


19  I'.i 

13  1 

53  34 

17  51, 

;,l  35 

(i  0, 


w.  they  I. 
thought   i 


ive  been 

lltticient 


M 

0 

30 

60 

90 

120 

150 

180 

M 

(i 
30 


l.si  i 


+0.01569403 
0.01568453 
0.01566453 
0.01565339 
0.01566451 
0.01568794 

+0.01569935 

L' 

-0.04827219 
0.04823472 
0.04815368 
0.04809893 
0.04812057 
0.04819279 

-0.04823174 


N 
0.00000000 

—0.00055/68 
0.00098081 
0.001 16239 
0.00102276 

—0.00058755 
0.00000000 

.v 

u. Ill  II II II II II  III 

+0.00184077 
0.O0324916 
0.00385871 
0.00343532 

+0.00201363 

I  I.I II II >00< Nil  I 


P 

+  0.04316460 
0.04316546 
0.04316786 
0.04317138 
0.04317516 
0.04317810 

+  0.04317924 

l" 

+  0.03469046 
0.03468862 
0.03468358 
0.03467646 
0.03  166902 
0.03466343 

+  0.03466139 


0.00000000 
0.00000442 

fO.1 00199 

i  i.i  ii  mill  on:, 
0.00003573 

+  0.00004339 
ii. 0 


0.00000000 

-0.00010047 
0.00016630 
0.00019278 
0.00018175 

-0.0001 1503 
0.00000000 


The  periodic  developments  of  these  quantities  result  as  follow: 

I   =  +-0.01567527  -  186  c>s.l/  +  2167  cosi'.l/  -  90  cos3U      23  cos  1.1/  +  10  cos.Vl/  -  2  cos62K 

.V  =  —0.00115622  sin  .1/  +  2159  sinl'.l/  +  071'  sin.",.!/  -  262  sin 4.1/  +  55  siii.'».V  -  9  sin  6M 

P  =  1-0.04317165-730  cos M  +  27  cos 2M-1  cos3Jf 

S  =  +0.00002272  sin M -2351  sin  I'.l/  +  765  sin.'!.)/       112  sin  IM  +  97  sin 5M -  11  sim;.!/ 

i:  =  -0.04817544  —  2436  cos M-    7656 cos 2 M  +  430  cos ZM.       I  cos4Jlf-15  cos5ilf  +.4  cosGM 

y  =  +0.00385831  sin  M      10364  sin  2M  -  1  15  sin33f+385  sin  1.1/  -  103  smoM  +  Hi  s,ni;  1/ 

1"  =  +0.03467617  +1454  cos M—  27  cos 2ilf-  I  cos3ilf  +.2  cos4JW 

,V  =       0.00020065  sin  M  +  866  sinl'.l/-  759  sin.'i.l/  -  25  sin  4.1/ +  29  sin  .",.1/ -  7  sinii.l/ 


The  coefficients  of  these  expressions  are  given  uniformly  t 

to  w=  +0.01568298  I  0.04374883      . 

,    _x<)  i  0.00001497  *  (2x'-x) 

.iy-l'y'i+n. 00808*°  ,:;X'_2X) 

+  0.00 s.V- (  ly-.-jy  ,      0. iiMi-r,;;    ■,  |x       ;;x, 

-0.00000094  £j  (5X     tx')+ 0.00000183  j£  ,;,v'     ix, 

+  o. I00027g  (6X     5x')-0.00 1045^  (6x'-5x) 

-0.0  6X'    hi iimi..v      7X>     ,;v 


8  ,1c 


From  f  hese  8  equal  ions 


'.;» 0/=  -0.04826849*£  x  + 0.03273483  j£  y' 

+0.001921  i7::^(L'y-y'i  +.0.000121  13»£(2X'— x) 

— 0.00009390  *j£(3x— 2X')— 0.00000159JJJ  i  .'ix'  —  -X) 
+0.00000131  J&i  \\     -'iy'i  4-0.0 186JJ5I  lx'— 3xj 

+0.01  ii  »  ii  i2i  i6  r.::J  i  5X — 4^+0.001 1  >57  »'„",  (5X'    1  v 

_  0.00000062  »&  (6X     oy'i     0.00000020»1on,(6x'— 5^ 

+  o.( 10jta,(7x     6^+0.00 3^1(7^     S 
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l'.\  the  substitution  of  the  value  of  \p  which  belougs  to 
L850  in  the  formulas  for  ...  and  a>',  we  ascertain  thai  the 
arbitrary  constants  c  and  c'  have  the  values 

c  =  340°  15'  I.V'.L'    ,    <■>  =  160°  L5' 46".2. 
These  values  should  differ  bj  exactly  L80°;  the  small  devia 
ti.m  is  attributable  to  accumulated  errors  of  calculation; 
we   adopt     c  =  340°  15' 45".7.     The   expressions   for   the 
two  argiunents  %  and  ^'  are  then 

x  =  304°0'43".5   +27".73010  (t— 1850), 
x'=     28°7'28".2   +  4".09951  (t     1850). 
We  see  that,  in  spite  of  the  extreme  slowness  of  con- 
vergence exhibited  by  the  coefficients  of  the  original  form 
of  /,'.  the  final  expressions  we  have  arrived  at  fordetermin- 
ing  the  elements  appear  tolerably  convergent. 

e  «£«,,  =       0.000006]  ;:::-    87"  18'+ 
-0.0000012  S(331°  16'+1 


In  his  recent  prize  memoir  i  Die  Sacnlaren  Verandt  rungt  n 
der  Bahnen  der  Grossen  Planeten,  p. 256),  Mr.  I'm  l  II  m./i  r 
has.  instead  of  our  annual  motions  of  the  arguments  ,\aml  y't 
bhe  values  31".456547  and  3".918590.  Thesomewhal 
difference  between  the  values  of  the  motion  of  x  's  due,  I 
think,  to  a  cause  which  Mr.  Karzeb  has  noted  in  the 
Nachtrag  to  his  memoir,  as  well  as  to  his  ueglecl  of  second 
order  terms  which  arise  from  the  argumenl  twice  the  move- 
ment of  Saturn  minus  that  of  Jupiter.* 

The  expressions  we  have  obtained  need  to  be  completed 
by  the  addition  of  the  terms  arising  from  the  presence  of 
the  six  planets  not  considered  in  this  investigation.     \dapt 
ed  from  the  formulas  of  Stockwell,  thej  are 


50543c)   +0.0000104  »'£  i    L5°  38'+   7"..';l".>'.»7/) 
37128*)    +-  0.0000006  £1(136°    5'+18".03675tf) 
t-0.0000645£li    71°  51'+    0".63867*)    +0.0019845  »'»  (107°  IT  10"+2".70598r)  , 
-0.0000053^1   87°18'+   5".50543£)   +- 0.0000107  £l(    15°  38'+7".32997*) 
-0.0000077  Si (331°  16'+17".37128*)   +0.0000076  '£(136°    5'+  L8".03675i!) 
+0.0000725  Sit   71°  51'+  0".63867«)   +  0.0018127  £n8  (107°  II'  t0"+2".70598it) 


It  should  be  mentioned  that,  in  the  preceding  investiga- 
tion, the  effect  of  the  tern  is  of  two  dimensions  as  to  plane- 
tary masses  in  the  inter-action  of  Jupiter  and  Saturn  on  the 
expressions  just  written  has  been  neglected.  Also  the  in- 
fluence  of    the    terms   of    the  third   order    with    respect    to 


eccentricities  and  inclinations  has  been  neglected,  excepl 

when  they  involved  solely  the  eccentricities  of  Jupiter  and 
Saturn.  These  effects  are.  however,  probably  small  in 
comparison  with  those  which  are  considered. 


On  the  latter  point  consult  Astron.  Papers  of  the  American  Ephemeris    Vol.  IV.  p.  251. 


For  sonic  tune  past  I  have  been  working  on  a  redetermi- 
nation of  the  orbit  of  Psyche,  preparatory  to  the  computa- 
tion of  the  perturbations  from  1900  on.  It  is  desirable  to 
have  observations  of  the  planet  at  each  of  the  remaining 
oppositions  of  the  century.  The  next  opposition  will  be 
L897  Feb.  22. 

I  have  computed  the  following  finding  ephemeris  from 
Si  in  bert's  elements  and  perturbations  given  in  A.N.  L790. 
Ann  Arbor,  1897  Feb.  4. 


EPHEMERIS   OF    (16)  PSYCHE, 

By  SIDNEY    D.  ToWNLEY. 

Berlin  M.T. 


1897  Feb 

L8.5 

in 

27  47 

+  9  54.3 

0.3432 

22.5 

24  38 

10  15.9 

.3434 

26.5 

21  28 

■"•7..'t 

.3445 

.Mar 

2.5 

18  21 

10  58.2 

.3465 

6.5 

15  21 

11  18.2 

.3495 

10.5 

11'  30 

37.1 

.3533 

14.5 

9  52 

11  54.6 

3579 

IS..". 

Hi 

7  28 

+12  10.6 

0.3633 

OBSERVATIONS   OF   RECENTLY   DISCOVERED   VARIABLES, 


7792.     SSCygni* 

1    have  followed   this   new  short-period    variable  through 
one  of  its  40-day  periods,  with  these  results: 

189 


1896  Dec.  20 

1897  Jan.     1 

6 
8 
9 


11.0 

ll.n 
10.7 
L1.0 
11.1 
10.9 


Jan.  I'.i 
21 

26 
28 


The  In  cloudy  days  bel «  ecu  Jan. 
Marengo,  Til.,  L897  Jan.  30. 


and  19   rendered  the 


By  J.   A.   PARKIIURST. 

time  of  the  sodden  rise  uncertain.     The  comparisons  were 
all  made  between  12h  and  I4h  Greenwich  mean  time. 
Anderson's  New   Variable  in  Andromeda.^ 
Since   the  note   in    A.J.  394    I    have   obtained    additional 
observations.     The  results  so  far  are  as  follows  : 

1897  Jan.  19         ll'.ii       I       1897  Jan.  22         1  i™9 
21      <11.3  23         12.2 

The  three  nearest  comparison-stars,  with  their  approxi- 
mate magnitudes. are  :  12".2  prec.  2', 3'  south ;  IL'M  prec. 
5",  I' south:    L2M.5  foil.   l.V.  1.   I'.I  north. 


8.5 
8.6 

S.7 
9.1 
9.4 
9.9 


*See  A.J.  392,  p.  64. 

t  The  above  observations,  in  connection  »itli  those  of  Anderson,  seem    to   establish    the  variability  of   this   star    whose  definitive 
notation  will  therefore  be,    267  V Andromeda     (1900)  01'  4I"!  39"  .  +35°  6'.5 ;    (1855)  0h  42'"  13*  .    f::t     al'.S.  Ed. 
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CONFIRMATIONS 

Bl    ROBER 
_  Sculpt 
Sufficient  observations  have  been  made  tins  year  to  full] 
confirm  the  variability  of  this  star,  announced  bj    me  in 
l  .'.  :;7 1 .     Thej  are  as  follow  s : 

L896  STov. 


L896  Ug.    2 

9.9(5 

Sept.  15 

9.4 

Oct.      7 

9.8 

28 

10.4 

D 


L0.9 
11.7 

11'..-. 


paring  these  observations  with  the  light-curve  of  last 
year,  we  Bnd  a  maximum   indicated  for   1896   A.ugus1  24. 
Wliile  this  determination  is  only  approximate,  it  et 
us  to  assign  a  provisional  period  of  250  days,  a  maximum 
having  been  observed  on  1895  December  17.     This  p 
sistenl  with  the  absence  "I  the  star  from  tin'  1 
chmusterung.    The  neighboring  star,  C.DM.     35  272, 
was  observed  89  days  alter.  55  and   ">l  days  before,  ami  .V> 
days  after  the  maximum  <>!'  the  variable,  according  to  this 

.  at   all    of    which    times    the   star   WOUld    he  lielou    the 

limit  included  in  the  Durchmusteritng. 

C.DM.     27  15202.1 
variability  el'  this  star,  suspected  at   Cordoba,  has 


OF  VAIMAIilUTY. 
r  II.  WEST, 
lately  been  confirmed  bj  the  Harvard  College  Observaton 
i  l.N. 3379) ;  the  number,  however,  is  erroneously  given  as 
15203.  My  observations  give  independenl  confirmation: 
rations  from  L896  September  7  to  November  20 
indicate  a  maximum  of  8".0  on  September  17.  the  brighl 
in^  being  9>l.8  when  last  observed.  <>n  1895  A.ugus1  22, 
it  was  1 1  ".5. 

I    I'M.      :;7  1.7s-. j 
Four  observations  el'  this  star  confirm  the   variability, 
announced  1>\  H.C.O.  |  A.N.  3362).     [ts  brightness  was  9 ".6 
cm  1896  August  I  ami  September  7.  '.r.l  en  1896  September 
15,  and  S\5  on  1S96  ( >ctober  7 

C.DM.     30  19448.1 

I  am  able  te  ifirm  the  variability  of  this  star,  an- 
nounced by  H.C.O.  i  1.2V.  3362).  M\  observations  are  as 
follows : 


LS96  Sept.    7 

S.I 

ism;  Nov. 

•J  it 

T.'.l 

17. 

S.I 

Dee. 

17. 

S.H 

Oct.    28 

7.S 

is;  17  .Ian. 

1.". 

7.65 

Nov.  1.". 

7.s 

Syrian  Protestant  College,  Beirut,  Syria,  I897e7an.l4. 


268    S    -     Eptoi  i       I  I! -14  42 

8802    )'  -  L900)  i-'::     :'.  40 


:;:,  27.8. 
30   10.5. 


i"7538  BRCapricorni:        See  .1.-/.  392,  p.64. 
§6686   V  Coronae  Austr. :    "       "       "     p.  64. 


may  astronomical  work. 


Publicai  Washburn  Observatory  of  thi  University  of  Wis- 

.  1890. 

Vol.  I  X.  Pari  I.  contains  the  details  et  a  discussion  et  a  determi 

nation  of  the  constant  et  aberration,  made  by  the  Director,  Gi  b.  C 

own  and  .Mr.  Flikt'S  observations  in  ls'.io  '.>■_'. 

a  \  -  method,  bul  with  a  modification  of  the  apparatus  which 

consists  in  the  introduction  i»  fore  the  object  ii  iss  of  three  reflecting 

surfaces  instead  of  two.     This  modification  appears  to  possess  some 

advantages.     A  provisional  discussion  of  a  pan  of  the  observations, 

published  in  .I.-/..  _r,l.  gave  for  the  aberration  constant  20".494,     \n 

■  ion  Foi  ill''  whole,  in  the  present  volume,  nix  es  20*.  499. 

hi  of  systemati r,  however, appeared, 

;i>  between  the  two  observers,  dependent  apparently  on  the  distance 
apart  of  the  two  Images  in  the  field  of  the  telescope.  For  reasons 
which  are  given  by  the  author  the  assumptions  are  made  that  this 
error  affects  the  observations  of  only  one  of  the  observers,  and  that 


those  of  the  ether  are  subject,  on  ill iitrary,  to  peculiarlj  la  rue  ac- 
cidental errors.  Reducing  the  results  to  the  latter,  as  a  /ere  but 
rejecting  a  part  of  his  observations,  and  assigning  the  remainder  of 
them  one  half  weight,  the  alienation  becomes  20". 443. 

Subsidiary  investigations  on  the  coefficient  of  atmospheric  expan- 
sion, ami  on  the  effecl  upon  the  refracti f  aqueous  vapor,  and  of 

atmospheric  dispersion  due  to  the  color  of  the  stars,  are  included  in 

the  \oliitne. 

Vol.  IX,  Part  1 1.  I>\  A.  S.  li  in  i  .  lives  the  determinations  made 
in  1892  93,  with  the  Repsold  Meridian-Circle,  of  the  right-ascensions 

of  the  stars  employed  in  the  foiveoiny  investigation  with  the  prism- 
apparatus. 

Vol.  X.  Part  [,  contains  the micrometrical  measurements,  1892  96, 
made  by  the  Director,  of  double  stars,  principally  well  known  binaries 
of  rapid  mol  ton.  < '. 


i  >N  rni.  Values  "i    i  in.  Eccentricities  i\ 

by  Prof.  G.  W.  Hiix. 
Ephemrris  "i      IS    Psyche,  by  Mr.  Sidney  D.  Townley. 
Ossein  ei'ix-  hi    Recbntli    Discovereo  Variables,  by  Mr  .1 
Confirmations  of  Variability,  by  Prof.  Roberi   II    West. 
Nkw   Astronomical  Work. 
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OX  THE  DETERMINATIONS 


OE  THE  CONSTANT 
AT  PULKOWA, 


OF  ABERRATION  MADE 


By  M. 

In  the  interesting  remarks  of  Mr.  Gill,  upon  certain 
astronomical  constants,  reproduced  in  the  Bulletin  Astro- 
nomique  for  September,  some  doubts  are  expressed  on  the 
certainty  of  the  results  obtained  at  Poulkova  by  observa- 
tions in  the  prime-vertical.  In  part  these  same  doubts  may 
be  read  in  Mr.  Newcomb's  Astronomical  Constants,  and 
more  explicitly  still  in  an  article  by  the  same  author  in  the 
Astronomical  Journal,  no.  369.  It  was  in  reply  to  that 
article  that  I  wrote  for  the  Journal,  more  than  six  months 
ago,  the  remarks  that  I  take  the  liberty  of  producing  here 
with  some  slight  changes.  To  prevent  all  misunderstand- 
ing I  should  say  that  my  reply  was  not  sent  directly*  to  the 
eminent  Editor  of  the  Astronomical  Journal. 

The  doubts  raised  by  Mr.  Newcomb,  and  supported  by 
Mr.  Gill,  with  regard  to  the  results  of  my  prime-vertical 
observations,  rest  on  the  supposition  that  the  small  modifi- 
cations, dependent  on  brightness,  noticed  by  some  astrono- 
mers in  the  personal  equation  for  meridian-transits,  will 
affect  also  prime-vertical  transits  of  zenithal  stars:  they 
suppose  that  certain  traces  of  such  differences  that  have 
been  noted  depend  on  a  general  law;  the}-  suppose  further 
that  the  images  of  such  stars,  seen  in  the  fully  illuminated 
field  of  the  telescope,  are  sensibly  larger  than  those  seen  in 
twilight  without  illumination.  If  these  three  hypotheses 
are  well  based  we  must,  without  doubt,  regard  the  results 
of  my  observations  as  subject  to  the  error  mentioned. 

The  determination  of  W.  Stkvvk.  obtained  by  the  same 
instrument  in  the  same  way,  is  in  all  probability  below 
rather  than  above  the  true  value.  Hence  it  follows  that 
this  method  of  observation,  in  an  authenticated  case,  does 
not   influence  the   result   in   the  manner  indicated  by  Mr. 


NYREN. 
Newcomb.  Neverthelesss,  this  proof  is  ao1  decisive  for 
my  observations.  On  the  one  hand,  the  equation  for  bright- 
ness might  have  been  insensible  in  Stbuve's  ease  without 
being  so  in  mine;  on  the  other  hand,  the  mean  brightness 
of  Stbuve's  stars  is  considerably  greater  than  for  those 
in  my  series,  a  fact  which  permitted  his  making  a  huge 
part  of  the  observations  during  daylight  in  both  branches 
of  the  prime-vertical,  while  for  fainter  stars  observation 
is  necessarily  limited  to  night  and  twilight.  In  my  series 
we  find,  among  stars  much  fainter,  also  those  of  Steuve, 
observed  now  nearly  in  the  same  conditions  as  they  were 
by  him.  Now,  if  the  error  in  question  is  a  function  of 
brightness,  it  should,  for  this  reason,  appear  in  the  differ- 
ences of  the  corrections  for  stars  of  different  brilliancy. 
Let  us  divide,  then,  the  24  stars  in  my  series  into  three 
groups,  according  to  magnitude,  and  take  the  means  of  the 
corrections  given  in  my  AIicrr<iti<.n  i/rs  h'/m'/rn  Firrs,  p.  .';.">  -.'!l_'>. 
with  the  corresponding  weights.      We  thus  have 


Stars 


These  results  are  incompatible  with  such  an  error  as  has 
been  supposed  ;  the  brightest  stars,  which  were  all  observed 
also  by  Stkuve,  give  the  largest  correction  for  the  aberra- 
tion employed. 

In  reflecting  on  the  method  of  observing  prime-vertical 
transits  of  zenithal  stars,  it  also  •   to  me  improbable 

that  an  error  of  this  sort  can  affect  them.  The  personal 
error,  aside  from  some  exceptional  cases,  ought  not  to  be 
interpreted  as  produced  by  defective  estimation  of  the  geo- 


Corrections 

Stars 

Weigl 

brighter  than  4M.0, 

+0.163 

5 

554 

between  4M.0  and  5 

'.0, 

+0.030 

6 

289 

fainter  than  .V'.O. 

+  0.080 

13 

516 

*  From  what  the  author  here  says,  taken  in  connection  with  a  let- 
ter, dated  1896  May  7,  received  from  him  by  the  Editor,  it  appears 
that  this  article  was  sent  by  him  indirectly,  but  that  by  some  mis- 
chance it  has  never  been  received.  Thus,  Dr.  NvRfa's  letter  com- 
municated the  fact  that  he  had  prepared  such  an  article  for  this 
Journal,  and  would  shortly  forward  it  for  printing,  but  that  he 
desired  preliminarily  to  submit  it  to  Prof.  Newcomb  for  perusal. 


From  further  expressions  of  his  letter  it  would  appear  that  he  intend- 
ed that  the  manuscript  should  subsequently  be  forwarded  to  the 
Journal.  If  so,  by  some  misunderstanding  or  miscarriage,  it  has 
never  been  received.  Under  these  circumstances  it  seems  eminently 
proper  that  the  article  should  be  here  reproduced,  by  translation  from 
the  Bulletin  Astronomique.  —  Ki>. 
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metrical  bisectu t  the  observed  image;  the  error  is  com- 

i  in  the  expression,  by  one  manner  or  another,  "I'  the 
phenomenon  in  a  function  of  the  time.  It  Eollows  that,  it 
the  apparent  velocity  oJ  the  object  bisected  has  diminished 
tn  a  certain  limit,  the  persona]  error  will  lie  imperceptible, 
or,  at  least,  will  not  change  with  anj  small  modification  in 
brilliancy  of  tin-  image.  This  limit  is  doubtless  attained  as 
well  in  prime-vertical  transits  of  zenithal  stars  as  in 
meridian-transits  of  polar  stars. 

The  truth  of  tins  proposition  max  be  demonstrated  also 
in  another  way.  Although  the  velocity  of  the  motion  at 
right  angles  to  tin-  vertical  threads  is  very  slow  for  all  -tars 
observed  in  the  prime-vertical,  there  is  a  verj  considerable 
difference  in  velocity  between  the  stars  passing  the  meridian 
a  few  minutes  from  the  zenith,  ami  those  most  distant  from 
uprised  in  my  series.  From  this  point  of  view  we 
ran  also  divide  them  into  three  groups,  thus: 

Zenith-distance  Corrections      Stars         Wt. 

Greater  than  50',  mean  64         +0.117  7  545 

Between  50'  and  25 .       ••       1<»         4-0.03]  '.'  357 

Less  than  25',  -      L5         4-0.123  8  157 

The  mean  velocity  in  the  given  direction,  lor  the  first 
group,  is  twice  as  great  as  tor  the  last;  nevertheless,  tin 
corrections  arc  nearly  identical.  From  this  agreement  of 
the  corrections  found  from  stars  of  such  different  velocity. 
n  appears  to  me  proved  that  the  bisection  of  the  images, 
expressed  in  time,  was  sensibly  the  same  for  all.  Besides, 
considering  that  the  stars  of  the  first  group  undergo  manv 
more  variations  of  illumination,  as  between  the  two  branches 
of  the  prime-vertical, than  do  those  of  the  last  the  inter- 
val between  east  and  west  being  lor  the  first  L33m,  and  for 
it  65°  we  see  in  this  agreement  of  the  corrections 
a  further  proof  that  the  observations  of  my  scries  arc  free 
from  this  supposed  error. 

The  objection  made  to  the  determination  of  the  aliena- 
tion by  the  transits  of  polar  star-  hv  \\  \'.\i  i;  docs  not 
to  me  i  i  he  better  founded.      It  must    m  ;  be   here 

forgotten    that   the    transits   arc  observed    as  often    below  as 

above  the  pole.     Consequently  the  conditions  of  observa- 
tion, so  far  as  the  difference  between  night  and  day  only  is 


concerned,  arc  the  same  for  the  maxima  as  lor  the  minima 
of  the  aberration.  As  to  the  faint  polar  stars,  we  observe 
in  our  transit-instrument  either  amplitude  of  the  aberration 
only  near  midnight.  So  long  as  we  do  not  consider  an 
Origin  of  personal  error  other  than  the  one  above  assumed, 
it  appears  tonic  beyond  debate  thai  the  transits  of  polar 
-i. u>  observed  by  my  late  colleague  provide  verj  precious 
materials  for  the  determination  of   the  aberration. 

The  other  objection,  raised  by  Mr.  Gill,  to  my  series  of 
observations,  relating  to  the  influence  of  variation  of  lati- 
tude, has  certainly  a  better  foundation,  at  least  so  far  as 
Isolated     observations      arc      c -erned.       The      considerable 

difference  of  the  corrections  found  from  stars  in  different 
right-ascensions  is  the  proof  ol  this:  and  unfortunately 
tic  elements  of  this  variation  are  vet  ioo  little  known  to 
permit  its  elimination  by  subsequent  corrections.  But  it 
should  here  be  remarked  that  the  certainty  of  the  mean 
result  is  much  greater  than  the  separate  corrections  would 
imply,     l'.v  the  method     later  developed  more  in  detail  bj 

Mr.  Ivi'si'NKi;.  but  the  advantages  of  which,  in  case  of  a 
variable  latitude.  1  had  already  indicated  in  my  memoir, 
p.  ;;'.i  of  observing,  evening  and  morning  at  the  same 
time  of  the  year,  stars  about  L2h  apart  in  right-ascension. 
we  mav  reduce  nearly  to  nothing  the  influence  of  valuation 
of  latitude  on  the  mean  correction  of  the  whole  series, 
separated  into  groups  according  to  right-ascension. 

for  a  future  determination  of  the  constant  of  aberration 
it  appears  to  me  beyond  doubt  that  we  should  choose. 
either  Stkuve's  method  of  observing  in  the  prime-vertical, 
or  that  id'  H 1 1 1 ; i : i . i : i > \\ .  The  hit ter  has  the  advantage  that. 
more  stars  can  be  found  suitable  for  observation,  while  in 
the  prime-vertical  the  individual  observations  are  more 
exact.  Before  making  use  of  other  proposed  methods,  we 
should  examine  whether  the  risk  is  not  incurred  of  intro- 
ducing systematic  errors  graver  than  those  which  it,  is 
sought  to  avoid.  And  the  occasions  of  obtaining  series  of 
observations  of  polar  stars  so  homogeneous  as  those  of 
Wagneb  are  too  rare  for  them  to  be  included  in  the  pro- 
gram. 


MiTK    (>X    THE    FOREGOING    ARTICLE. 

By  SIMON  NEWCOMB 


The  preceding  paper  reached  me  m   Ma\   last   while  I  was 
travelling  abroad.     I  great  K  regret   that,  owing  to  the  cir- 
cumstance of  my  being  away  from  home,  1  overlooked  or 
Dr.  Nvki'n's  intimation  that  he  would  like  to  have  it 
published  in  the  Astronomical    Journal.     Only   now  am    1 
reminded  of  this  wish.      It   may  be  remarked  that  the  coin- 
n  of  results  obtained   from  stars  of  different  magni- 
tudes    does    Hot    disprove     the    existence    nf     the     source     of 
aatic  error  which  I  pointed  out.      This  source  is  to  be 
found  in  the  systematic  difference  between    the  apparent 


brilliancy  of  a  star  during  its  transit  over  the  east  and 
west  verticals  in  the  morning  or  evening  twilight,  owing  to 
the  increasing  brightness  of  the  sky  in  the  one  case  and  tin- 
diminishing  brightness  in  the  other.  This  cause  would 
affect  stars  of  all  magnitudes  in  the  same  direction.  Vet 
1  quite  agree  with  Dr.  Xyki'n  that  there  is  no  certainty 
that  this  equation  exists  in  the  case  of  his  prime  ver- 
tical observations.  It  was  suggested  by  me  simplv  as 
a    more    Or    less    probable   conclusion,  not    as    an    established 

one. 
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OBSERVATIONS  OF  COMETS, 


M  \  [>E    AT   THE 

LICK    OB8ERV  \  COR1  , 

Bi   C. 

I).  PEKRIN1 

1896 Mt.  Hamilton  M.T. 

* 

No. 

< 

* 

ft/'s  apparent 

log 

'4 

(  omp. 

Jot         | 

18 

a 

8 

for  a 

for  8 

Comet  </  1896  (Giacobini). 

Nov.  28 

6  14  50 

1 

rflO  ,8 

+  0   12.49 

-1  30.1 

21  16  32.62 

12 

17 

50.8 

9.27  1 

0.583 

Comet/  1896  i  Perrine). 

Nov.  28 

7  28  22 

3 

-ilO  .  10 

-ii  38.99 

+  7  26.0 

1!)  54    27..SS 

+ 

7 

36 

10.2 

9.621 

0.687 

29 

7   14  56 

4 

10,7 

-1  11.52 

+  4  52.9 

19  53  59.85 

+ 

7 

5 

15.7 

9.612 

0.684 

Deo.     1 

7  38  36 

5 

(/  7  , .'! 

-0  12.46 

-0  19.3 

19  53    8.69 

+ 

6 

4 

4.8 

9.641 

0.702 

1 

8  33   16 

(i 

r/lO   .  S 

-0     5.10 

+  6  27, S 

19  53     7.7'.) 

+ 

6 

3 

1.9 

9.669 

0.716 

2 

7  17  44 

8 

dlO  ,8 

-0   17.24 

+  3   55.11 

19  52  45.76 

+ 

5 

35 

1.3 

9.626 

0.700 

4 

7  17  48 

9 

14,8 

-0  51.34 

-1    7.1.1 

19  52     4.18 

+ 

4 

37 

35.3 

9.633 

0.707 

9 

6  47  40 

lit 

4 

-3  25.8 

+ 

0 

23 

11.0 

0.716 

9 

(5  54     4 

Ki 

■7    7 

-0  14.62 

19  50  42.11 

9.630 

Comet g 

L896  (Perrine). 

Dec.  15 

8  57  10 

11 

,/ln  ,8 

+  0     4.08 

-0  10.7 

1  40  40.97 

+ 

3 

40 

7.8 

9.064 

0.689 

17 

«.)  53     5 

12 

dlO  ,  8 

+  0  21.06 

+  7  10.3 

1  54  25.92 

+ 

2 

57 

19.4 

9.328 

0.700 

20 

7   13  25 

13 

tflO  .'.1 

-0  15.13 

-  5     0.2 

2  13  15.23 

+ 

2 

3 

3.5 

«9.079 

0.707 

Jan.     4 

8  4'.)     7 

15 

14  ,8 

-0  57.85 

-2  29.  (i 

3  35   13.39 

_ 

0 

35 

29.8 

8.462 

0.732 

5 

7  19  19 

16 

dlO  ,8 

-0  15.08 

-1  51.0 

3  39  20.98 

_ 

0 

39 

0.0 

re9.185 

0.734 

11 

9  50  39 

17 

-/in  ,8 

+  0     5.33 

-3  54.0 

4     4  49.34 

_ 

0 

4S 

53.2 

9.173 

0.736 

20 

6  44  28 

19 

dlO  ,8 

+  0     5.31 

+  4  17.8 

4  36   12.36 

_ 

0 

31 

16.2 

w.9.332 

0.732 

21 

7  12  48 

20 

,/lo  ,8 

+  0  18.11 

-6  27.4 

4  39  27.60 

_ 

0 

27 

32.9 

»9.201 

0.732 

2'' 

7  51  34 

90 

dlO  ,8 

+  0  14.68 

-7     3.7 

4  42  41.68 

- 

0 

23 

20.2 

«8.914 

0.732 

Mean  Places  for  1896.0  and  1897.0  of  Comparison- Stars. 


Red.  to 

Red.  to 

* 

a 

app.  place 

5 

app.  place 

Authority 

1 

1 
21 

lo' 

16.89 

+  3^24 

12 

16 

32.3 

+11.6 

Micrometer  comparison  with  >)c2 

0 

21 

14 

21. SI 

+3.23 

12 

15 

25.6 

+  11.4 

I  (Santini  2391  +  Munich  28009) 

:; 

19 

55 

4.7.2 

+  2.35 

+ 

7 

28 

34.2 

+  10.0 

\  ( Munich  (2 1  9591+Munich  (1 )  2256:; 

4 

19 

.p.) 

9.02 

+2.35 

+ 

7 

0 

13.0 

+  9.8 

>  (Mu.(l)  22566  + Bonn  VI,  6°4395  +  Sant.  1384) 

5 

19 

53 

18.80 

+  2.35 

+ 

6 

4 

14.9 

+   9.2 

Sell  jellerup  7715,  771 6 

6 

19 

53 

10.54 

+  2.35 

+ 

5 

56 

25.0 

+   9.1 

Micrometer  comparison  with  >fc7 

7 

19 

53 

2.81 

+  2.35 

+ 

5 

47 

15.7 

+   9.1 

Schjellerup  7714 

8 

19 

53 

0.64 

+2.36 

+ 

5 

30 

56.4 

+   9.0 

1  (2  Schj.  7712  + Munich  1 1 )  224:i7) 

9 

19 

52 

53.1  1 

+  2.38 

+ 

4 

39 

21.1 

+   8.6 

Boss,  Albany  A.G.  6924 

10 

19 

50 

54.30 

+  2.4;; 

+ 

2 

26 

32.5 

+   7.3 

"          "          "     6911 

11 

1 

40 

32.58 

+4.31 

+ 

3 

39 

52.6 

+  25.9 

<<        502 

12 

1 

54 

0.49 

+  4.37 

+- 

2 

49 

44.0 

+25.1 

"        «      :,:,v, 

13 

2 

13 

2...  90 

+  4.46 

+ 

2 

7 

45.6 

+  24.1 

Mien  .meter  comparison  with  >)cl4 

14 

2 

13 

56.43 

+  4.46 

+ 

2 

11 

12.1 

+  24.1 

Boss,  Albany  A.G.  653 

15 

0 

36 

9.56 

+  1.6S 

_ 

0 

33 

6.0 

+  5.8 

.1  (Gottingen  949,  50  + Schj.  1112  +  Mu 

(2)  715) 

16 

3 

39 

40.37 

+  1.69 

— 

0 

37 

14.8 

+  5.8 

i  (Gottingen  961  +  Rad.  (3)  87,s  | 

17 

4 

4 

42.28 

+  1.73 

_ 

0 

45 

4.1 

+    4.9 

Micrometer  comparison  with  >)cls 

18 

4 

6 

16.34 

+  1.74 

— 

0 

II 

23.4 

+    4.9 

4-  (Paris  4858  + Gottingen  1089) 

19 

4 

36 

5.23 

+  1.82 

■_ 

0 

35 

37.9 

+  3.9 

Gottingen  1282 

20 

4 

39 

7.66 

+  1.83 

— 

0 

21 

9.3 

+  3.8 

Micrometer  comparison  with  s|c21 

21 

4 

39 

5.00 

+  1.83 

_ 

0 

13 

51.0 

+  3.8 

Gottingen  1308 

22 

4 

42 

27..  17 

+  1.83 

— 

0 

16 

20.2 

+   3.7 

i  (Gottingen  1314  +  Paris  5491  > ) 

Dec.    1. 
"       4. 


17. 
20. 


First  observation  made  through  haze  and  clouds. 
Telescope  swayed  by  the  wind. 
Haze  prevents  completion  of  measures. 
Windy.     Comet  faint  in  the  moonlight. 
Comet  faint  in  the  moonlight. 


Jan.  20.     Comet  much  fainter.     Seeing  poor. 
"     22.     Hazy.     South  wind  sways  telescope. 

Comet  Giacobini  observed  with  36-inch  telescope. 
Comets /and  g  observed  with  12-inch  telescope. 


Lick  Observatory,  University  of  California,  1897  Jan.  23. 
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OBSERVATIONS   OP   COMET  g  L896, 

SIADI     \  I     iiu     \  ISSAD   C i     . o.~i  i:\   \  iok\ . 

ft    M  \l;\    W.   WHITNEY. 


i~-'.i7  GreenM  Icli  SI   I 

* 

So, 

Cuinii. 

4        * 
la                      IB 

b/"s  apparent 
a                        8 

log  pA 

for  a      1     for  8 

Jan.    7     16  1  1   13 

25  11  38  -7 

26  13     7  21 

1 

2 
2 

6 

11 

+  o'"l'.UW.           +•-'    1'.'-- 

-1  41.11        -8   17.7 
+  1      L.12            1  22.8 

h       in      s 

3    is  23.13           nil    18.8 
1  51   37.30           0   10   L9.8 
1  ;.  I   22.83           0     5  55.0 

9.525      0.772 

9.145      0.769 

n8.496      0.768 

Mean    Places  for  1897.0  of  Comparison- Stars. 


* 

a 

Red. i" 
app.  place 

8 

Red.  to 
app.  place 

Aiuli"!  II  j 

1 

•  > 

h      m      s 

3  48     1.76 
1  53   19.87 

+  L71 

4- l.sl 

-0   17   L3.5 
u     i  35.3 

;  5.5 
•■  3.2 

Micr.comp.with  KGlas.i  1  (9064  Rad.(90)902) 
Copeland  and  Borgen  1  I"! .  2 

On  Jan.  -'•".  and  26,  cornel  verj  falnl  and  difficult. 


ELEMENTS    AND    EPHEMERIS   OF   COMET#1896, 


By  F.  RISTENP  \l:  I 
The  following  elements  are  based  on  three  normal  places, 
L896  Dec.  1".-".  (7  obs.),  L896  Dec.  28.5  (6  obs.),  1897  Jan.  5.5 
ill  obs.).  They  also  represenl  an  observation  of  Jan.  12 
I  within  +0M8  in  a,  and  — 0".3  in  8,  and  two  further 
observations,  of  Jan.  26  and  27,  agree  exactly  with  an 
ephemeris  computed  with  five-place  logarithms.  The  ele- 
ment -  are 


T 

= 

L896  November 

24.656 

"I  M 

a 

= 

L63   53' 
246   34 

L3    1" 

30' 
35 
25 

■0) 
.9  - 

1897.0 

log  y 

log  ■ 

0.045405 
2054 
3.4617 

=  ."..-,( i 

17'  1 
.901 

".II 

-    2352.5  days  -  6. 1 II  years 
The  comet,  which  can  approach  to  Jupiter's  orbit  within 
0.053  in  longitude  247°,  thus  almost  exactly  in  his  ascend- 
ing node,  was  in  the  neighborhood  of  that  planet  in  the 
388       But,  while  the  Gurnet  was  passing  through  this 
point  mi  April  27,  the  heliocentric  longitude  of  Jupiter  was 
onlv  239  ;  therefore  the  perturbations  of  the  comet  were 
great,  but  not  enough  to  change  the  orbit  entirely.     It  will 
be  necessary  to  compute  these  perturbations  and  then  carry 
met's  path  backward,  in  order  to  judge  whether  the 
comet  is  identical  with   Buxa's,  or  is  only  a  body  which 
formerly  moved  in    Biela's  orbit.     The  two  orbits,  whose 
major  axes  now  include  an  angle  of  60°,  intersect  one  another 
161     from  the  common  ascending  node,  at      v  —  297°     for 
l'.ni  \.   and     v  —  357       for    Perrjne.     Only  refined   ele- 
ments oi  Pebrtne's  comet,  based  on  a  sufficient  heliocentric 
II-;  i.  Iberg,  18OT  Jan.  27. 


arc  in  the  present  apparition,  and  the  retrospective  compu- 
tation ol  the  perturbations,  can  enable  us  to  settle  the  ques- 
tion whether  at  any  previous  time  the  two  comets  have 
simultaneously  occupied  this  point  of  intersect h  n.  since 
I  wish  to  undertake  t  he  definite  determination  of  the  comet's 
orbit  and  its  relations  to  Biela's,  I  hope  that  observers 
with  the  great  American  telescopes  will  follow  it  as  long 
as  possible.  The  following  ephemeris  will  represent  the 
comet's  path  satisfactorily.  It  will  be  continued,  if  neces- 
sary. 


is;  IT 


[EMERIS    OF 

Comet  g  L896  i 

IK    Bei 

I,  IN     .Ml  I'M 

Date 

\p|>.  a 

A 

pp.  8 

log  A 

Fel,.  22.5 

6     1    is 

+  '2 

35.2 

24.5 

.-,  :;:i 

17.1 

9.9721  1 

26.5 

:i  56 

1' 

58.6 

28.5 

MM 

;; 

9.8 

9.99787 

Mar.    2.5 

is  23 

20.6 

4.r. 

22  •">•'! 

31.0 

0.02293 

6.5 

26  ii 

ll.ii 

8.5 

30  4<; 

50.6 

0.04723 

10..-. 

:;i  49 

:; 

59.8 

11'..-. 

38  on 

4 

8.6 

0.07082 

1 1.:. 

12  49 

1  (i.'.i 

16.5 

h;  i? 

24.8 

0.09374 

1S.5 

.-,ii  13 

32.1 

20.5 

.vi  38 

39.0 

0.11599 

22.5 

6  58  :;i 

45.4 

24.5 

7     -1  23 

51.3 

0.13760 

•_'<;..-. 

6  L3 

1 

56.8 

28.5 

7    Ki     1 

+  .-. 

l.'.i 

0.15857 

on: 


0.02 


0.01 


Brightness  on  Dec.  In  taken  as  unity. 
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ELLIPTIC    ELEMENTS    AM) 

J!v  C.  1>.  PERRINI 
The  Eollowiug  system  of  elements  is  based  upon  normal 
places  from  observations  on  December  8,  9,  Hi  i  Mi.  I  [ami! 
ton),  Dec.  Hi  (Munich,  Bamberg,  Strassburg,  Nice),  Dec.  11 
(Vassar,  Edinburgh),  Jan.  2  (Bamberg,  Strassburg),  Jan.  I, 
r».  6,  8  (Mt.  Hamilton),  Jan.  20,  21,  22,  23,  24,  25  (Mt. 
Hamilton). 

Epoch  L896  Dec.  10.0  Greeuw.  M.T. 

M  =       2°  22'  49".6 

w  =   L63   52     8  .7  ) 
£   =  246  36     4  .4  [  L897.0 

i  =      13    3!)  24  .r.  \ 

log  a  =  0.536366 
log  e  =  9.830734 
log  fx.  =  2.745458 

(f  =  21°  18'49".0 
Period  6T.376 

('(INSTANTS    FOE    THE    EQUATOR    ANI>     MkAN     EQUINOX     III' 

L897.0. 

x  =   r  [9.989557]  sin  (139°  51'  56".0  +  w) 

y  =   r[9.979418]  sin(   45    51      7  .9+v) 

x  =  r[9.568973]  sin  (  83  39  27  .o+v) 

Lick-  Observatory,  University  of  California,  1897 Feb.  7. 


EPHEMEKIS   OF   COMET  g  1896, 


a xi)  R.  G.   AITKKV 


Ephem 

IRIS    FOR    GR 

i:i  n  u  i<  ii 

\h 

\\     MlDNIGH 

'. 

1897 

a 

8 

log  A 

Br. 

Feb.  20.5 

5  56  59.0 

+  2°  23 

55 

9.9451 

0.046 

22.5 

6     1   23.8 

2  35 

51 

24.5 

6     5   15.0 

2  4  7 

;;i 

9.9716 

0.039 

26.5 

(i  Ki    3.0 

2  59 

0 

28.5 

6   1  1   18.0 

3   Hi 

8 

9.9973 

(1.033 

Mar.    2.5 

6   is  30.4 

3  20 

56 

L5 

6  22    in..'. 

3  31 

21 

0.0221 

0.02S 

6.5 

6  26  47.9 

3    II 

23 

8.5 

(i  30  53.4 

3  51 

0 

(1.0  107 

0.024 

L0.5 

6  34  57.0 

4     0 

11 

1 2.5 

(i  38  58.6 

4     8 

56 

0.0703 

0.021 

14... 

6    12  58.2 

4  17 

1  1 

16.5 

6  46  56.0 

4  25 

4 

0.0932 

0.018 

18.5 

6  50  52.2 

1  32 

26 

20.5 

6  54   16.7 

1  39 

20 

o.l  154 

0.016 

22.5 

6  58  39.7 

1    15 

h; 

24.5 

7     2  31.2 

4  51 

44 

0.1. ".70 

0.014 

26.5 

7     6  21.3 

4  57 

12 

28.5 

7   10   10.1 

5     2 

11 

0.1580 

O.OI2 

30.5 

7  13  57.6 

.-.    (i 

12 

Apr.     L.5 

7  17    14.0 

5  Hi 

44 

0.1784 

0.01  1 

3.5 

7  21  29.2 

5   14 

16 

5.5 

7  25   13.3 

5  17 

19 

0.1981 

0.009 

T.."i 

7  28  56.2 

r.  19 

."i.3 

9.5 

7  32  38.1 

+  .-.  21 

57 

0.2173 

0.008 

Brightness  on  December  8  unity. 


DISCOVEKY   OF   THREE  BRILLIANT  STELLAR  SYSTEMS  IN  THE 
SOUTHERN   HEMISPHERE, 

MADE    WITH    THE    24-INCH    WEFRACTOIt    OF    THE    I.OWEI.I.    OBSERVATORY, 


By  T.  J 

Since  the  establishment  of  the  observatory  in  Mexico, 
we  have  resumed  our  sweeps  for  southern  double  stars, 
with  the  result  of  finding  a  number  of  objects  of  great 
interest.  As  the  latter  part  of  the  night  has  been  devoted 
to  the  double  star  work,  our  sweeps  have  been  confined 
chiefly  to  the  constellations  Puppis,  Carina,  Vela,  Crux 
and  Centauries.  On  a  few  evenings  some  time  has  been 
available  for  hurried  sweeps  over  the  bright  stars  in  Phnnix, 
Kihhi mis  and  Dorado.  Three  of  the  objects  recently  dis- 
covered are  of  particular  interest,  and  may  properly  be 
regarded  as  among  the  most  splendid  systems  in  theheavens. 
These  systems  are  : 

(1).     a  Phcenicis,  discovered  1897  Jan.  10. 

The  position  of  this  star  is : 

a  =  0h  21'"  19'.5     ;     8  =  -42°  50'  48".l   (1900). 

The  companion  is  of  the  13th  magnitude,  and  purplish 
in  color.  According  to  the  Uranometria  Argentina,  a  Phce- 
nicis is  of  the  2.4  magnitude;    so  great  an  inequality  in 


J.  SEE. 

brightness  combined  with  the  well  known  deep  orange  or 
reddish  color  of  u  Phmnicis,  renders  the  system  both  very 
striking  and  very  difficult.  Though  our  measures  have 
been  made  when  the  star  was  several  hours  west  of  the 
meridian,  and  therefore  under  some  difficulty,  owing  to  the 
low  altitude,  there  is  reason  to  think  that  the  mean  position 
is  essentially  correct.  We  find  by  the  settings  of  the 
micrometer : 


t 

ft. 

Po 

M 

ags, 

Remarks 

L897.028 

2S7.S* 

9.68 

o 

13.5 

certainly  real 

1897.030 

2  7  5 . .". 

9.57 

2 

13 

clear  at  moment 

1897.036 

269.8 

10.57 

2.5 

13 

1897.039 

266.0 

10.64 

2.5 

13 

1897.046 

269.3 

9.60 

2 

13 

1897.071 

268.  t 

9.40 

2 

13 

difficult 

L897.041 

271'  7 

9.73 

2  2 

13.1 

*  This  angle  is  so  inconsistent  with  the  estimate  of  265°,  ami  with 
subsequent  measures,  that  I  suspect  a  mistake  in  reailing  the  circle. 
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(2).     /x  Yelofiiin,  discovered  L897  .'an.  10. 

This  star  has  a  magnitude  of  2.9;  its  companion  about 
11,  purplish,  and  verj  close  to  the  large  star.  The  position 
iif  n  Velorum  is 

a  =  10    l-    27  .'■>     :     8  =  -48    53  31".]    1 1900). 

Though  the  object   is  easj  with  lescope,  the 

great  inequality  in  brightness  would  render  it  difficult  for 
an  inferior  glass,  especially  ii'  the  atmospheric  conditions 
were  nut  of  the  verj  best.  The  system  is  me-  of  the  most 
extraordinary  in  the  heavens,  and  is  almost  certain  to  have 
rapid  orbital  motion.     Our  measures  "i   the  companion  are 

as  follows  : 


Mr.  ( " . ...  —  1 1  mi. 

L897.085        03.11 


,24 


(3).     if  Centauri,  discovered  1897  Jan.  II. 
«  =  1  I"  29™  in-.:;     ;     &  =  -41°  42' 59".6  (1900). 

Magnitudes,  2.5 ;   13.5;  colors,  yellow,  purplish. 

This  object  is  extremelj  difficult,  and  can  be  seen  (.nix 
with  a  powerful  telescope;  ii  is  certainly  a  physical  sys- 
tem, and  will  possess  the  highest  Interest. 


L897.025 
1897.041 
L897.085 
L897.086 


65.8 
59.6 
62.6 
63.0 


/' 

2*59 
2.91 
2.18 
2.38 


Mags. 

2.5 :  I  I 

2.5  :  1  1 

2.5:  10 
3:  1<>.. 


Remarks 

good  measures 
blurred 
good  images 
good  measures 


1897.059 


62. 


2  5 1 


2.0:  lo.i; 


t 

8 

!>,■ 

Mags. 

Remarks 

1897.028 

270  ± 

6.0± 

2.5:  L3.5 

very  difficult 

IS-.i7.nn 

2i ;  i.i 

5 . 5  7 

2.5:  13.5 

is;  17. 085 

276.0 

5.38 

2.9:  l; :;..-. 

L897.051 

270.1 

5.65 

2.6:  13.5 

Low  11  Observatory,  City  of  Mexico,  Mexico,  L897  Feb.  -. 


REVISED   ELEMENTS  OF  320  U  CEPHEI, 

l'.v  S.   C.  CHANDLER. 


The  elements  oi  this  star  given  in  the  Second  and  Third 
Catalogues  have  been  recently  revised  by  means  of  the 
minima  observed  bj  Vi:\m:i.i.  and  J.  A.  I'akkiii  bst  during 
the  past  tour  years.     The  revised  elements  arc: 

1880  June  23d  9*  39m.6  (Gr.  M.T..   +2'1  IP  !9m  37s.85  E 

■fl30n  sin(0°.06E+300°) 

Thej  indicate  a  larger  amplitude  and  a  longer  cycle  for 
the  periodical  term  than  the  former  elements  gave,  and  sat- 
the  data  since  1828  entirely  within  the  uncertaintj 
of  the  obsen  a 

For  tin-  purpose  of  accurate  comparison  of  observation 
with  the  aho\  e  elements  the  following  ephemeris  of  minima 
for  1897  is  given,  containing  the  heliocentric  Greenwich 
mean  time  of  everj  tenth  minimum.  The  intermediate 
ones  may  be  interpolated  directly  with  precision,  or  with 
sufficient  approximation  by  means  of  the  adjoined  table  of 
pies  of  the  period.  The  length  of  the  period,  from 
the  above  elements,  for  anj  value  of  E,  is  2 '  1 1 !i  I'.i"1  37".85 
+8U68  cos(0  .06  E  (-3 


Hence  for 

E  2I2H.    P  = 

E  2560, 

\  mean 

alue 

of  /'  for  t In- 

multiples. 

E 

i  Celi ni  ii. 

I .  reenwich  M. 

(I         h          in 

21  I'll 

L896  1 

29     1   35.76 

30 

1897 

Jan. 

22  23  52.18 

40 

Feb. 

16  22     8.57 

50 

.Mar. 

13  20  24.96 

60 

Apr. 

7  18  n.:u 

70 

May 

2   10   7.7.7(1 

80 

27   15    14.KI 

2490 

Jun< 

21    1.".  30.37 

2500 

July 

10  11   46.68 

10 

An,. 

in  in     2.98 

20 

Sept 

1     s  19.27 

30 

40 

Oct. 

21     4  51.81 

50 

Nov. 

is     .•;     8.05 

60 

Dec. 

13     1   21.27 

l;i". 
40   . 


oil 

022 


year  is  used  for  the  table  of 


Multi 
Per. 


S 

o 
in 


s  of  Period 

.i      ii       i 
2    1  1     10 

i  23  3;i 
7  11  28, 

0  23  IS. 

12  II   S. 

1  I  22  .-.7. 

17  in  17. 

10  22  3.7 

22  10  26. 

21  22  K 


Ki.lO 


OBSERVATIONS   OF    VARIABLE   STARS    IX 

l'.v  WALTER   J.  GILL.  Jr. 


IS!  Mi. 


1521.      /.'   Virginis. 
Twelve  observations  of  this  star,  made  Oct  ween  May  13 
and   Aug.  11.  inclusive,  indicate  a  minimum  June  4.     As 
I  have  no  reliable  magnitudes  of  the  comparison-stars,  the 

1557.     S  Ursae  Majoris. 
From  Mar.  31  to  \uj.li'.  I  have  twenty-four  observations, 

indicating  a  maximum  of  S".»'».  .1  mi.-  L6.      its  light  at  the  first 
'    the  last  about   10".0. 


is  10.      /'  Virginis. 

Six  observations,  from  June  I  to  duly  IS. 
mum  June  23.  The  observations  being  lew 
somewhat  uncertain. 

4S47.     S  Virginis. 
A  maximum  of  6M.7  is  indicated  on  June 

one  observations  from  April  1.".  to  Aug.  11. 
the  first  observation  was  9*.2,  at  the  last  8 
crease  was  mure  rapid  than  the  decrease. 


v  ield  a  maxi- 
the  curve   is 


0.    b\     t  Went  V  - 

Its  light  at 

The    1,,- 
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5194.      VBootis. 
Sixteen  observations  of  the  above  star,  beginning  June3 
with  the  variable  about  8".2,  and   ending  Oct.  27.  when   it 
was  8K.7,  indicate  a  maximum  of  7M.5  July  23. 

550] .     S  Serpentis. 
Seventeen  observations,  from  May  12  to  Aug.  L9,  indi- 
cate a  maximum  of  7".6  on  dune  I'd.      Its   light  at  the  first 
observation  was  about  9".7,  at  the  last  about  9M.C. 

5G75.  V  <  'oronae. 
Observations  of  this  star  began  April  15,  when  it  was 
about  9M.0.  It  rose  to  a  maximum  of  8".5  .May  23,  and 
then  fell  till  it  was  about  9M.5  July  l<i.  after  which  it 
remained  nearly  stationary  during  the  rest  of  the  time  it 
was  under  observation.  The  nineteenth  and  last  observa- 
tion was  on  Aug.  29. 

5955.      R  Draconis. 

I  have  fifteen  observations,  from  Aug.  11  to  Dee.  5.  Its 
light  was  about  9M.5  on  both  of  the  above  dates.  A  maxi- 
mum of  6".8  is  indicated  on  Sept.  24.  The  increase  was 
much  more  rapid  than  the  decrease. 

6512.     THerculis. 

Observed  this  star  eleven  times.  On  June  27  it  was 
about  9M.G,  increasing  gradually  till  on  July  16  it  was 
about  9M.5.  It  then  rose  rapidly  to  a  maximum  of  8M.l, 
Aug.  10,  after  which  it  decreased  slowly  until  the  last  ob- 
servation Oct.  7,  when  it  was  9M.5. 

6636.      I    Sagittarii. 
Twenty-four  observations  of   this  short-period   variable, 
Roxbury,  Masts.,  1S97  Feb.  1. 


from   duly  1  1 

to  ( >c1 .  7.  give 

the  following 

maxima    and 

minima : 

M  A  X  1  M  A                                                                               M  1  N  1  M  A 

July   13.57 

Aug.  29.:;:; 

Jul)   17. si 

Aug.  22.(12 

Aug.     9.39 

Sept.  11.42 

26.03 

Sept.     4.10 

17.:;:. 

20.29 

Aug.    7.81 

10.13 

24.60 

26.83 

14.17 

24.09 
Oct.  7.35 

6733.     /.'  Scuti 

I  made  twenty-six  observations  of  this  star.  At  the  first, 
on  dune  19,  it  was  5M.7.  It  then  decreased  to  a  minimum 
of  7M.5,  Julj  22.  after  which  it  rose  steadily  to  a  maximum 
of  .-.".2.  Sept.    I. 

Alter  passing  the  maximum  the  light-curve  shows  a 
bright  minimum  of  about  6M.0,  <  let.  5,  and  a  faint  maximum 
of  .">".().  Oct.  2.">.  After  this,  twilight  and  low  altitude  made 
the  observations  somewhat  uncertain  :  but  they  seem  to  in- 
dicate a  slow  decrease. 

7085.     ETCygni. 
A  maximum  of  7M.3  is  indicated  on  July  12.  by  twentj 
observations,  from  May  19  to  Sept.  20.     Its  light  on  the 
first  named  date  was  about  10".3 ;  on  the  last  about  the 
same. 

7560.     E  Vulpeculae. 

I  have  ten  observations,  from  Oct.  .'!  to  Dec.  ."i.  A  maxi- 
mum of  8". 2  is  indicated  on  Nov.  6.  Its  light  at  both  first 
and  last  observations  was  about  9". 7.  The  light-curve  is 
very  regular,  with  about  equal  times  of  increase  and  de- 
crease. 


REQUEST   FOR  MERIDIAN-OBSERVATIONS. 


Prof.  C.  L.  Doolittlk  of  the  University  of  Pennsyl- 
vania, Philadelphia,  desires  meridian-observations  of  the 
following  stars  from  his  latitude  list;  and  requests  that 
observers  may  obligingly  favor  him  with  preliminary  or 
other  results  in  advance  of  publication. 


Mag. 

,,  is; 1 7 

81897 

DM.  61°138J 

7.5 

1:;'' k;'"43 

+  G1°    1.9 

.37  2545 

6.8 

14   29     S 

+  57  24.9 

41  2539 

6.8 

14  52     7 

+  41  33.1 

49  2583 

5.S 

17     2     6 

+  43  56.8 

43  2711 

neb. 

17  13  58 

+  43  14.9 

89  3147 

6.5 

17  27  14 

+  38  57.6 

51  3324 

7.5 

22  it  :;;t 

+  52     8.4 

OBSERVATIONS   AND    PERIOD   OF   3495  I  CARINAS, 

l'.v    R.   T.   A.    INNES. 
[Communicated  by  Dr.  Gill,  II.  M.  Astronomer.] 


This  star  has  been  continuously  observed  during  1896, 
and  some  interesting  features  of  its  variation  brought  to 
light. 

In  the  annexed  table  the  dates  of  maximum  and  mini- 
mum which  I  have  access  to  are  given,  including  my  re- 
cent observations.      The  first  three  are  to  be  found  in  the 


" Uranometria  Argentina,"  the  following  fifteen  (to  Febru- 
ary 1896)  in  the  publications  of  the  British  Astronomical 
Association,  the  remainder  are  now  published  for  the  first 
time.  The  column  headed  O  — C  is  the  difference  between 
observation  and  maxima  calculated  from  the  elements; 
1S71  duly  24.9+35d.5236E. 
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<  ibserver      Phase  and  Mag.       i »    C 


1871  July 

31 

L872  Maj 

31 

L891  Apr 

23 

July 

28 

L892  M  o 

IS 

Jnlj 

18 

1895  Jan. 

27 

Feb 

in 

M     : 

9 

1  1 

31 

Apr. 
Dec. 

21 
12 

•■;, 

L896  Jan. 

i: 

28 

Feb. 

19 

Apr. 

\l  i] 

8 
5 

1  1 

June 

7 

19 

-Inh 

13 
25 

Oct. 

31 

Nov. 

6 

Dec. 

.'» 

12 

( lordoba 


Roberts 


1/ 


1/ 


.1/ 


1/ 


1/ 


1/ 


1/ 


.1/ 


.1/ 


1/ 


+  4..". 
0.2 

+  1.1 


+1.6 


-1.9 


+1. 


+0.9 


0.7 


+  o.:; 


+  <>. 


■  1.8 


-1.4 


The  observations  made  in   1N!»,1  and   IN'.n;  were  plotted 
and  the  data  in  the  above  table  taken  from  the  besl  curve 
Royal  Obsi  rvatory,  Cape  of  Good  ETopi .  1896  December. 


drawn  through  the  observations,     Details  of  these  obser- 
vations will  be  published  in  due  course. 

In  tin  abovi  bable  the  dates  of  the  chief  maximum  and 
minimum  only  are  recorded ;  there  is  a  secondary  maximum 
which  is  well  shown  in  the  observations  Erom  1896  April  In 
to  May  L6,  as  follows; 


pr.  in 

3.3 

11 

3  7 

13 

3.8 

1  l 

3.8 

L5 

l.ii 

16 

in 

18 

t.2 

lit 

1.3 

20 

4.3 

Apr.  21 


30 
Mav     1 


I.I 
in 
I.I 
1.3 

II 


.Ma\      i 


6 

l.i 

!> 

i.n 

in 

."..'.i 

13 

3.6 

1  1 

3. 1 

n; 

3.6 

On  other  occasions  the  secondary  maximum  lias  nut  Keen 
so  marked  in  character,  sometimes  degenerating  to  a  hall 
in  the  passage  to  the  chief  minimum.  From  the  chief  mini- 
mum to  the  chief  maximum  the  interval  varies  from  6  to 
21  days,  the  average  being  L3a.4.  The  range  of  magnitude 
is  from  3M.30  to  5M.50,  according  to  Mr.  A.  \Y.  Roberts's 
observations,  whilst  1  find  3".38  to  I"  90. 

The  residuals  in  the  column  0— C  show  a  variation  in 
the  period  amounting  to  about  2  days  above  and  below  the 
mean  period.  It  will  be  also  noticed  that  the  brightness 
at  maximum  and  minimum  varies  in  a  series. 

The  elements  given  bj  Dr.  Cb  ustdlee  in  his  Third  Cata- 
logue are  at  present  about  a  fortnight   in  error. 


NEW    ASTRONOMICAL    WORK. 


mgen  der  Grossherzoglichen  SternwarU  in  Karlsruhe; 
es  Heft.     Dr.  \V.  Valentin er. 

With  this  volume  closes  the  published  series  of  observations  under- 
taken at  the  Grand-Ducal  Observatory  of  Baden  for  the  determina- 
tion of  the  positions  of  all  stars  to  Hi"  eighth  magnitude  which  are 
included  between  the  parallels  of  0°  and — 8°  of  declination.  The 
instrument  with  which  these  observations  were  made  was  originally 
a  Keichenbacli  "Multiplicationskreis,"  first  set  up  in  1811  at  Mann- 
heim. It  had  long  figured  as  a  museum-exhibit  of  historic  interest, 
when  Dr.  Valentineb,  under  conditions  of  strictest  economy, 
conceived  the  idea  of  converting  it  into  a  meridian  circle.  The  ob- 
jective of  the  telescope  is  of  s4  mm.  aperture,  and  the  circle  is  a  little 
mere  than  ii.'.'  in.  in  diameter. 

In  the  introduction  of  this  fifth  number  of  the  publications  of  the 
Karlsm      i  i  exhibited  the  results  of  an  extended  ex- 

amination of  the  error  of  graduation,  for  ftverj  degree  throughout  the 
circle,  and  for  each  graduation  mark  within  the  limits  employed  in 
ition.     Prom  the  latter  section  of  the  in  \  estiva  ion  it  is  shown 


that  there  is  a  well  marked  systematic  error  in  the  subdivisions  of  n 
degree  amounting  to  o"..">  or  mere  in  three  instances  out  of  nineteen, 
and  to  OV.'ii  in  the  mean. 

The  present  volui tontains  about  8800  observations  reduced  to 

lss."».  of  which  about  one  in  four  arc  of  the  stars  considered  as  stand 
aid.  The  final  catalogue  will  contain  about  16,200  observations  of 
2700  stars,  —  three  in  each  position  of  the  circle  for  each  star. 

Dr.  Valentineh  notes  that,  besides  these  meridian  observations, 
during  the  period  from  1892  to  1896  Julj  1.  a  continuous  series  ,.i 
latitude-determinations  by  the  Taleott  method  has  been  kept  up  at 
Karlsruhe,  ami  that  observations  of  5949  pairs  of  stars  on  639  even 
ings  are  contained  in  t he  re ds  of  this  undertaking. 

This  volume  marks  the  close  of  the  establishment  at  Karlsruhe, 
transferred  from  Mannheim  sixteen  years  ago,  and  now  transferred 
to  Heidelberg.  In  the  new  location  this  observatory  is  to  be  asso 
ciated  with  a  separate  astro-physical  establishment  :  and  its  means 
for  observation  will  be  greatly  enlarged,  to  include,  among  oilier  new 
instruments,  a  meridian-circle  by  Repsold.  I..  B. 


C  O  X  T  E  X  T  S  . 
I  i\   THE    Determinations  or    mi.   (d\,ii\i    or    \  iuu:ka  nox   make  at  PuLKOWA,    BY    lilt.    M.    NyREN. 

is   mi    Fori no  Article,  by  Prof.  Simon  Newcomb. 

Observations  oi   Comets,  by  Mr.  C.  D.   Pbrrine. 

Obser:  itions  oj    Comei  g  1896,   by  Prof.  Mary  W.   Whitney. 

Elements  wo  Ephemeris  oi   Comei  ;/  [896,  by  Dr.  V.  Ristrnpart. 

Elliptic  Elements  and  Ephemeris  of  Comei  g  1896,  u\   Mr.  C.   l>.   Perrini    ind  Mr.  R.  G.  Aitkrn. 

ery  oi   Three  Brilliani   Steli  ir  Systems  in  the  Southern  Bemisphere,  by  Dr.  T.  J.  J.  See. 
Revised  Elements  ephei,  bi    In:,  s.  <  \  Chandler. 

Observations  of  Variable  Stars  in  1896,  by  Mr    \v  u  rER  J.  Gill,  Jr. 

i    FOR   MeRIDI  lN-(  >BS1  r.\  \  i  IONS. 

Observations  ind  Period  oi   3495 1  Caktnae,  by  Mr.  R.  T.  A.  [nnes. 
Work. 
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MEASUEES  OF 

DOUBLE  STARS, 

MADE    AT    THE    LICK    OBSERVATORY 

OF   THE    UNIVERSITY    OF    CALIFORNIA, 

By  WILLLO 

J.  HUSSET. 

1.     2  3062. 

9.     0552. 

17.     e  Bootis. 

•_'.';. 

8  Serpentis. 

a  =0i'  1"'  2-  ,  8  =  +57°  52'.7 

a  =  4''  46'"  11"  .   8  =  +13    29'.2 

a  =  14'' 40'"  37    ,  8  =  +27°29'.8 

a  =  I.".1'  30" 

2     .  8  =  +0)   52'.4 

1896.655       335.2      1.59 
.7:;:;       334.4      1.50 
.736       335.9      1.51 
.869       336.9      1.50 

1896.839       L87.7      0.43 
10.     Sirms. 

a  =  61'  40"' 44"   .    8  =  — 16=  34'. V 
Sit  notes. 

L896.366      330.9      3.14 
.450       332.7      2.75 
.178       330.0      2.73 
.483      329.6      2.70 

L896.450 

.10  1 
,181 

.503 
.511 

L86.4      3.59 
185.1      3.47 
I.so.  o      3.61 
180.8       3.10 

LS96.75         335.6      L.53 

1896.46        330.8      2.84 

L86.2      3.56 

•'      vl."> 

1896.48 

180.1      3.47 

a  =  01'  10'"  44s  ,  S  =  —6    9'.4 
L896.869       198.1      4.74 

3.     0212. 

a  =  0i>  26'"  15s  ,  8  =  +53°  58'.2 

11.  02175. 

a  =  7"  28""  48s  ,   S  =  +31     Hi'. 7 

1896.869       329.0      1.00 

12.  ICancri. 

a  =  S1'  6'"  29s  ,  8  =  +17°  57'.0 

1896.869         15.0      1.20AB 
.869       116.2      5.  ll.ir 

18.     ;;  Bootis. 
a  =  14'' 46'"  47-  .  8  =  +19°31'.0 

1896.450       224.7      2.96 
.478       220.8      2.95 
.481        222.1       2.85 

24 

a  =  15"  31" 

1896.51:; 

211)01. 

1"    ,8   =  +43°  51'.5 

ll.o    23.29 

L896.869       150.1      0.59 

.483       223.5      3.04 

25 

a  =  l.V'  32' 

1896.51:; 

02299. 

.872       147.0      0.70 

1800.17          222.8       2.95 
19.     2  1000. 

'24-.  8  =  +64    l'.3 

L896.87         148.6      0.65 

23.0      3.57 

4.     252. 
a  =  0"  38'"  38s  ,  8  =  +45°  41.:; 
L896.872         14.8      1.41 

5.     ji  Cassiopeae. 

a  —  0"  43'"  3s  ,   8 (-07°  17'.  1 

13.     in  Leonis. 

a  =  9"  23"'  6-  ,   8  =  +9°  29'.5 

1896.869       109.8      0.88 
97.066       109.4      0.91 

.07:'-     lio.:;      0.90 

a  =  15"  0"'  30-  ,   8  =  +48°  2'.6 

1896.450      242.9      5.02 
.475       243.6      4.75 
.481        242.0       4.83 
.483       242.8      4.67 

26. 

a  =  15"  32" 

L896.513 
27 

a  =  15"  50"' 

1896.401 

30-  ,  8  =  +40°  7 '.9 

l7:;.o      l.o.-,.  f/; 
21985. 

1896.47         243.1      4.82 

44-  ,  8  =  — 1°  52'.2 
336.7      5.8s 

L896.869       208.6      5.08 
.872       207.5      5.29 

1897.00         109.8      0.90 

.941        209.8      5.04 
1896.89        208.6      5.14 

14.     ;;  /  rrsat   Majoris. 
a  =  ll1'  12'"  51"  ,  8  =  +32'  :.'.:. 

20.     21910. 

a  =  15"  2'"  43"  ,   8  =  +9°  36'.6 
1806.475       212.4      4.27 

.478 
.481 

337.0      5.81 
336.2      5.69 

1896.47 

336.6      5.79 

6.     B  735. 

1896.513       167.6      2.01 

.481        211.2      4.8'.) 

a  =  0"  59"'  50'  ,   8  =  —34°  4'.1 

15.     y  Virginis. 

.483       211.5      4.49 

28. 

a  =  15"  58'" 

£  Sciirpii. 

1896.869       220.0      8.43 

1896.48         211.7      4.55 

52"  ,  8  =      ll    :,'.s 

7.     0228. 

u  =  l'i  i)">40"  ,  8  =  +80°  20'.0 

1896.869       30S.0      0.86 
S7r>       316  0       0  74 

a  =  12"  36'"  36-  ,    8  =  —0°  54'.  1 

L896.486* 

.",7.0      0.98  IB 

1896.481       .",20.6      5.85 
.483       328.8      5.71 
.503       331.3      6.18 

21.      rj  Coronae  Bor. 
a  =  15"  19"'  4s  ,   8=  +30°  38'.9 
1896.602*     318.9      0.30  a 

.650*     317.5      0.32  h 

1896.65        318.2      0.31 
22.     21956. 

.  180* 

34.6      0.99 

1896.49 

L896.464 
.481 

.483 

36.2      0.99 

L896.49       .329.9      5.92 

16.      Mizar. 

a  =  18"  10'"  54-  ,  8  =  +55°  26'.!) 

38.3      1.05 

1896.87          312.0      o. so 
8.     0265. 

a  =  3"  44"'  18s  ,  8  =  +25°  16'.7 

34.6      0.88 
31.5      0.98 

1896.47 

34.8      0.97 

1896.869       202.3      0.62 

is;  id.  4  75       149.2       14.64 

a  =  15"  29"'  44-  ,   8  =  +42°  S'.O 

1896.464 

64.8      7.:;o.l/.- 

.878*     198.2      0.61 

.485       148.0       14.39 

1896.513        39.4      2.19 

.481 

62.7       7.42  & 

.943       197.0       0.57 

.513       149.4      14.56 
1890.49         149.1      14.53 

.640         41.5      2.39 

.483 
1896.47 

62.1      7.62  C 

L896.90         199.5      0.60 

1896.58           40.4      2.29 

63.2      7.45 

(97) 
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29.  21999 
o  =  l!      -  I'    lO'.-J 

L896.464  L01?6    11  ul 

.481  100.4     11.20 

.483  L00.1     L1.06 


1896.48 


100.7     11. in 


30  pScorpii. 

a  =  15 

1896  183         25.4     13.79  W 
.514         25.2    L3.66 
.579*       25.4     L3.34 


1896.53 


25.3    13.60 


31.     utScorpii. 
a  =  16"  0'"  58"  ,  8  = 
1896.514  18.1       2.15 

.640         16.4      2.28 


17.3      2.22 

32.     a)5  Scorpii. 
a  =  16b  l1"  32'  .  S  =  —20    35'.9 
L896.514  3.5      L.15 

33     ,£2022. 

u=i' 

1896.640       11".'-,      2.72 

34.      19  pSerpenth. 
a  =  li  I  13    17'.  7 

1896.640       332.3      3.91 

35.     (r  Scoi-pii. 

a  =  10"  l.V-il    .   8  =  — 25°21'.2 

1896.472       272.0    20.69 
.514       272.1     20.53 


1896.49 


272.1     20.61 


36.     Antares. 

16'  .  8  =  —26°  r-''.  7 


1896.448* 


.7 

172*     276.3      3.05 
.476*     275.6      3.28 


1896  17 
1896.48] 
.483 

275.9 
271.5 
273.7 

3.20 
3.1  1 
3.04 

272.6      3.09 

.'IT.     A  Ophiuchi. 
a  =  16"  25"  52'  ,  8  =  +2°  12'.2 
1896.511         51.5      1.88 
..Ml         19.2      1.45 
51.4      2.05 


1896.54 


50.7      1.79 


2 -Jl  i'o. 

a  =  17"0'"4S-  ,   8  =  +28°13'.7 

1896  162  244.3  7.15 
.503  243.4  7.42 
..-.11       245.8      7-.: 

1896.49        244.5      7.27 


39.     22119. 
a  =  17"  0m50"  ,  8  : 


-13°  47'.9 


1896.503         L4.3      2.21 
.640         13.8      2.28 


L896.57 


1  l.o 


10      |3282. 

,:,  14°  28'.] 

1896.503       155.4  1.29 

.640       L52.0  1.27 


1896.57 


L53.7       1.28 


11.     a  JTerculis. 

a  =  17"  10'"  5-  .  8  =  +14°30'.2 

1896  162       11  1.5      1.94 

.503       113.7       1.64 

..-.11       112.2       1.89 

1896.49         113.5       1.82 

Cj      2"2192 
a  =  17    29"  53    .  8  =  -1-6   4'.3 
1896.638         64.3    11.13 

13.     2:2185. 
a  =  17!l  29™  55"  ,  8  = +6 
1896.475  5.2    28.13 

.640  1.1     27.50 

'.82 


1896.56 

44. 

a  =  17"  01'" 

1896.475 
.638 


1.7 

22190. 
43'  ,  8= +21    :;.7 
22.7     10.63 
23.6     10.60 


1896.56 

45 

1896.629 

.63S 


23.2  10.62 

2*2202. 

8  =  -J-2°  37'.3 
92.9    20.65 

93.3  20.67 


1896.63 

46 

a  =  17''  Oil'" 
1896.462 
.503 
..-.1 1 


93.1    20.66 

22218. 
40  .  8  =  +<;:;"  40M 
344.9      2.31 
345.5      2.19 
344.5      2.07 


1896.49 

47 

a  =  17"  41" 

1896.629 

.r,:;x 


345.0      2.19 
22213. 

4'  .   8  =  +01=  10'.4 

331.5       1.59 
331.0      4.58 


1896.63        331.2      1.59 


18. 

a  =  17"  ■>'•' 

1896.374 
.  162 
.464 

1896.43 


r  Ophiuchi. 

(8s  ,  8  =  —8°  10'.  8 
256.8      1.94 
257.3      2.23 
•_'.-.  I  i       1.90 

256.2      2.02 


19.     7ii  Ophiuchi. 

a  =  IS1'  0'"  24-  ,  8  =    | 

1896.152*  293.9  2*21 

.251*  292.5  2.24 

.333*  292.8  2.27 

.432*  292.3  2.03 

.lis-  292.0  2.27 

738*  290.1  2.12 

1896.39        292.3      2.19 

50.     22277. 
a  =  18"0'"02-  ,  8  =  +48°  27'.6 
1896.503       L21.4    27.30 
.629       120.8    27.27 


1896.57 


121.1     27.28 


Til .     i  Lyrae. 

a  =  IS"  41'"  2-  ,   8  =    | 

1896.638  I  1.9  3.09 
.735  11.1  3.19 
.7  11         lid      3.09 


1896.71 


14.3      3.12 


.">!'.     5  Lyrae. 
a  =  IS"  41'"  4'  ,  8  =  +39    30'  5 

1896.638  132.3  2.21 
.735  129.9  2.19 
.711       131.6      2.26 


1896.71 

53. 

5  =  18"  49' 

1896.494 

.503 

.638 


L31.3      2.12 

.,  Draconis. 

13   .  8  =  +59    l.V.'.i 
335.2    32.05 
334.9    31.91 
334.9    32.02 


1896.54 


335.0    32.00 


54.     22441. 

a  =  18h  58"' 52"  ,  8  =  +:'.l     1  -V. 

1896.503       279.2      5.41 
..-,11       278.5      5.48 


1896.51 


278.9      ."..44 


55.     22484. 
a  =  19"  9'"  52»  ,    8  =  +1S°  50'.5 
1896.735       230.7      2.61 
.744       228.9      2.59 


1896.74 


229.8      2.60 


.-.(I.     fi  Cyrjni. 

a  =  10"  26m  41'  ,  8'=  +27°45'.0 

1896.456         55.7    34.63 

.4114        55.1     34.70 

.503         55.6    34.84 

..-,ii7         .v..!    34.60 


IS'.IIU'.I 


:,:,.:>    34.69 


.-,7.     02"383. 

a  =  19"  00'"  02-  ,  8  =  +40°  29'.0 
1896.733         is.  1      0.86 
.'.Ml  19.2      0.82 


1896.84 


18.8      0.84 


58.  8  ( 'ygni. 

a=  10"  41'"  :.l-  .  8  =  +44°53'.2 

1896.503  304.8  L67 

.638  306.0  1.55 

.7:;:;  303.6  t.58 

.711  302.1  1.67 

.850  305.5  1.68 

1896.69        304.4       L63 

59.  02385 

a  =  10"  42'"  24-  .8  =  +4(1     18'.6 

1896.733        57.3      1.31 
.'.Ml         548      [.23 

1896.84  50.1       L27 

60.  02386. 

a  =  19"  44'"  00-  ,  8  =  +36c  54'. 7 
1896.735         77.2      1.03 
.738*       77.1       l.ul 

1896.74  77.1'      L02 

61.  02387. 

a  =  19"  to™  0"  ,  8  =  +05°  0  ..". 

1896.738*     344.6      0.46 

62.  22609. 

a  =  10"  .-,4"'  58'  .  8  =  +07    -Ml'. '"I 

L896.733  17.1  2.13 

.736  15.:;  2.07 

.738*  27.0  2.01 

1896.74  lo.o  i.ll 

63.  02400. 

a  =  20"  6ra  54'  .  8  =  +4:; 
1896.878*      64.8  est.<0.2 
.926*       7U.S      0.18 

1896.90  C7.,s      o.ls 

64.     pDelphini. 

a  =  20"  02'"  52", 8  =  +14°  1  1'.8 

1896.828*     352.8      0.63 

.869       356.1      0.56 

.x:.-,      356.5      0.61 


1896.86 


335.1      0.60 


65.  02414. 

a  =  20"  43'"  34s  ,  8  =  +42°  : 
1896.744         95.0    10.25 

.'.ill         '.i  I. '.i      9.84 

L896.84  '.»-..()     IO05 

66.  02416. 

a  =  20MN'"50-  ,  8  =  +40=2: 

1896.655  L36.0  7.59 
.735  135.2  7.57 
.746       134.7      7.5.-, 

1896.71  L35.3      7.57 
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a 


61 
20"  55' 


1896.374 
.655 

.7:;:; 

.711 


.£•2741. 

In    ,  S  =  -foO     i'.i 

.;i.i  L87 

30.8  1.87 

31.2  1.87 

31.3  i.si 


L  896.63 


31.2       l.si; 


68.     22746. 

a  =  201'  57'"  50-  ,  8  =  +38  '  52',  I 
1896.733       292.1       1.12 
.711       292.4       l.oi 
.869       292.4      0.91 


1896.78 

69. 

a  =  21"  2" 

1896.377 

.746 


292.3  1.01 

ill  Cygni. 
25'  ,  8  =  4-88°  15'. 

124.4  22.33 
124.0    21.92 


1896.56 

70 
a  =  21>i  10" 
1896.733 

.744 


124.2    22.12 
02432. 

29!  ,  8  =  +4(1    43'.9 

126.6       1.24 
128.0       L.29 


1896.74 

71. 
a  =  211'  10'" 
1896.733 
.738* 
.856 
.869 
.875 
.878* 


12-3 


1.26 


T  I  '.'/,'/'"'■ 

48"  .  &  =  +37°37'.l 
333.0      0.84 


328.2 
330.4 
335.6 
337.0 

328.1 


0.54 
0.84 
0.65 
0.68 
0.86 


1896.82 


332.1 


ii. 


72.     22783. 
21''  11"'  21-  ,  8  =  +  r.7    5S'.0 

I. H| 


L896.878*       30.3 
.924*       28.6 


L896.90 


a  =21'"  28' 

1896.655 

.735 

.71  I 
.746 


29.. 


1.18 

1.1 1 


29  Pegasi. 

21-  ,  8=  4-2H'  I0'.2 
:;:;:;.(»     3.14 
332.6      2.K7 
332.5      2.90 
:;:;:;  l      3.02 


1896.72 


332.8      3.01 


74.     DM. -20°6313. 
=  211'  48'"  12-  ,  8  =  -  20   29'.0 


1896.368* 
.382* 
.602* 
.640 
.806 


7:;. 7 
74.6 

7:;.:; 

71.1 
74.5 


5.32 
5.  77 
5.62 
5.71 
5.54 


1896.56  74.0      5.59 

77).      29  Aquavii. 
a  =  21h  56'"  58s  ,  8  =  —17°  26'. 8 
1896.640        I;:;.!      3.96 
.806         64.1       3.87 


1896.72 
76. 

a  =  221' 

1896.462 
.626 
.640 

.sue, 


63.6      3.92 

Anonymous. 

I'"  ,  8  =  —19°  28' 
112.5      3.39 
110.8      3.35 
112.4      3.36 
113.1      3.42 


/J  170. 

,8  =  —  18    D8'.3 


1896.640 
.806 


60.9 

7.7.0 


1 .7.7, 
1.29 

1.42 


1 8.     53  Aquavit. 
221'  21'"  9    ,8  =  —17°  1.-/.0 
1896.463       309.5      7.23 
.503       308.1       7.7.S 
.626      308.6      7.22 


1896.55 


a  =  221'  23' 

1896.655 


-;;.-, 


308.7      7..".  I 

2  2909. 

41-  ,  S  =  —  0°81' 

322.5  3.35 

320.6  3.28 
320.6      3.35 


1896.71 


321.2      3.33 


80.     S.DM.  — 19°6291 

a  =  221'  25'"  27-  ,  8  =  — 19°  41'.8 

1896.448*     170.2      1.36 
.48(1*     169.5      1.11 


1896.47 


169.8      1.38 


82.  02536. 

a  =  22'' 53'"  30"  ,8  =  4-8    49'.6 

1896.974*      162°5      0.29 

83.  02483. 

a  =22''  r,4'"  12",  8  =  -fll"  U'.fl 

1896.655       21 7. s      0.86 

.735      22:;.:;      Lot; 

.856       223.2      0.94 

.869       223.6      1.10 


1896.78 


222.0      0.99 


84.     96  Aquavit. 

a  =23"  14'"  13"  ,   8  =  —5°  40'. 2 

1896.935*       2H.2    10.52 
.938*       23.2     10.68 


1896.94 


21.7    10.60 


85.     85  Pegasi. 

a  =  23"  ."Hi"'  57-  ,  8  =  4-26°  33'.2 
1896.803*     210.2      0.47 
.926*     206.9      0.72 


L896.86 


208.6      0.60 


81.     22958. 

a  =  22"  51'"  51-  ,8  =  4-11°  lS'.'.l 

1896.856  11.2  4.00 
.020  11.4  3.83 
.041         11.3      3.79 


86.     23057. 

u  =  23"  59"'  45-  ,  8  =  4-57°  5) 

1896.933       20S.s      3.77 

.936       200.2      3.82 


1896.63 


112.2 


3.34 


1896.91 


11.3      3.87 


1896.7 


299.0      3.80 


Noti 


Most  of  the  above  observations  have  been  made  with  the 
12-inch  telescope;  those  made  with  the  36-inch  are  indi- 
cated by  a  *  following  the  date  of  observation.  A  power 
nf  545  was  used  on  the  12-inch  for  all  measures  made  be- 
fore 1896.8,  and  one  of  about  700  for  all  made  after  that 
date.  Powers  of  1000  and  1.700  have  generally  been  used 
on  the  36-inch.  In  general  each  angle  is  derived  from  the 
mean  of  four  sellings  of  the  circle,  and  each  distance  from 
the  mean  of  four  double  distances.  Precautions  have 
always  been  taken  to  render  the  different  settings  inde- 
pendent. Both  telescopes  have  been  so  nearly  in  adjust- 
ment that  corrections  for  azimuth  and  inclination  of  polar 
axis  are  insensible.  The  driving  clock  of  the  12-inch  has 
given  more  or  less  trouble  all  along,  and  on  this  account  it 
has  been  difficult  to  obtain  thoroughly  satisfactory  measures 
of  distance  of  stars  having  position-angles  in  the  neighbor- 
hood of  90°  or  270°. 

The  positions  given  in  the  above  list  are  for  1900.  In 
addition  we  have  the  following  notes  to  the  several  stars  as 
indicated  by  their  current  numbers  above : 


1.  Binary;  6M.8,  7M.S.     2.   No  change  since  1830.     3.  Change  since 
1844,   4-2ii°,  u".0.     4.  Change  since  1831,  —11°,  0".0.     5.   Binary. 

8.  Binary;  special  effort  made  to  determine  the  correct  quadrant. 

9.  single  in  1892;  binary.  10.  Examined  Sirius  carefully  with  the 
36-inch  on  5  nights  in  February  and  March,  1896,  without  seeing  t li< ■ 
companion.  Seeing  good  on  4  of  the  nights.  The  micrometer-wire 
was  set  to  ephemeris-place,  194°,  4". 2,  and  entire  region  thereabouts 
examined.  On  the  last  two  nights  each  eyepiece  was  provided  with 
a  diaphragm,  accurately  at  its  focus,  covering  half  the  field  of  view. 
On  these  nights,  after  I  had  finished  my  search,  Prof.  Campbell 
also  examined  Sirius  carefully,  but  did  not  see  the  companion. 
11.  Change  since  1843,  —5°.  4-0". 5.  13.  Period  about  114  years. 
14.  Binary.  15.  Binary.  17.  Change  -  in  1828,  4-s -.  o'.n. 
18.  Binary.  19.  Binary.  20.  Change  since  1823  very  small,  if  any, 
21.  a,  power  1500;  b.  power  1000.  22.  Change  since  1831;  — 0".4. 
23  Change  since  L821,  —11°,  4-0".5±.  24.  Change  since  1830, 
—15°,  4-l".7.  27.  Change  since  1830.4-11°,  — 1".2.  29.  Change 
since  1836, —2°,  4-0".4.  33.  Change  since  1830,  4-11°,  0\0.  40.  No 
change.  41.  Change  since  1822,  —6°.  42.  Change  since  1832, 
—24°,  4-0".8.  43.  No  motion  since  1830.  44.  Change  since  1830, 
—9°.  45.  No  change  since  1S27.  46.  Change  since  1831,  — 15°, 
— 0".6.  47.  Binary.  49.  No  other  companion  seen.  50.  Change  since 
1830  slight.  51.  Binary.  52.  Binary.  53.  o  Draconix  =  2 2420. 
Change  since  1780,  —25°,  4-5". 3.     Motion  rectilinear.     54.  Change 
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since  1S30,    -18°, +0*.25.    55.  Change  since  1831,  +8°     57.  Change 

since  1848,      7  .    58.   Nol  an  easy  star  to  measure.     Mags.  3  and  8. 

\  nee  1848.    61. 

motion.    62.  No  change  since  1880.     68.   1806.878  distant Btimated 

<0".2;    1896.926  distance    estimated    0MO-OM5.      64.    189 
36-inch  telescope;  no  other  companion  visible;  seeing  good.     <'■"..   in- 
crease of  distance.    66.  Change  since  1841  I  •'■;    Cliange, 
if  any,  unimportant.     71.   Binary,     7-'!.  Change  since  1825,  +20°. 
-,<;.   Mags.  9.5  and 9.7.     78.  Change  since  1828, +8°, —1 '.8.     79.  Bl- 

Mt.  Hamilton,  University  of  Calif ornia,  1897  /'       i" 


nary.  81.  Change  since  1881,  +5°.  82.  Special  care  taken  to  obtain 
Mi.-  correct  quadrant.  Distance  estimated  0'.25  O'.SO.  In  1891 
r.i  rnbam's  measures  gave  844  .8  and  0  .15,  This  seems  t<>  i"  ;i 
verj  rapid  binary,  with  the  plane  of  the  orbit  nearlj  parallel  to  the 
sight,  84.  96  A 'i Ha,- a  =  II  5894.  Motion,  if  any,  verj  Blight. 
In  is; 7  Bt  i:\ii  \  m  estimated  magnitude  <>t  companion  as  14;  I  esti- 
mate it  fully  as  bright  a-  12.  'I'll'1  companion  is  decidedly  red. 
86.   No  change  Bince  1882. 


DOUBLE-STAE    MEASURES, 


M  U)E    »  I  III     i  ill.    I  .,.1    \  rOBIAL   <> 

llv  HENRI    S. 
The  following  measures  of  double  stars    were  made 

with  the  12-J-inch  equatorial  of  the   M a  Observatorj 

mi  i.  during  tin-  summer  "I  L896.  They  are  a 
continuation  of  the  double-star  work  begun  there  some 
years  ago,  and  described  in  Volume  1  of  the  publications 
of  that  observatory.  A  statement  of  the  instrumental 
equipmenl  and  method  >>t  observing  is  given  in  that  publi- 
cation. 


2  L998.     i  Scorpii,  A.B. 

a  =  l.V'  58"'.!)  ,   8  =  —11°  5' 

L896.576     -17. '.'1       1-1-1' 

2  loos.     ;N V.    '       .  ■ 

1896.567       62.29      7.18  C 
.576       65.16      '•>.'.'<H» 


1896.571      <•„■;.:: 


.04 


,  s,; „■/,;;.  A.B. 

a  =  10"  16m.2  .  8  =  —19°  12' 

6.60      0.90  E 

603         8.23      0.87  E 


L896.596 


7.41 

I  -  8 


0.88 

C+D 


i  S    rpii,   '  ■—  • 

L896.587     337.90     W.97C 

i  Scorpii,  <  './>. 
1896.587       50.13      2.09C 
.589       51.90      L93D 
.603       50.90      2.25E 


1896.593       50.98      2.09 

2"  21 12 1 . 

a  =  16»  S"'.6  .   8  =  +13°  47' 

1896.606     333.60      3.77E 
.613     333.84      3.91  E 


1896.610     333.72      3.84 

2'  2022. 

a  =  l<i"s".ii  .  8  =  +26°  55' 

1896.606     L40.52      2.36E 

55      2.57  E 

L896.610     137.03      2.46 


.£•2023. 

a  =  Hi1'  !•'".()  .  8  =  +.V   47' 


L896.592  228.76 
.598  231.36 


L.84  C 

2.05  D 


L896.595     230.06      1.94 

22032.     a  '  'oronat 

a  =  18"  10"'.9  ,  8  =  +34°  7' 
L896.584     210.90       L12D 

.58'.)     l'io.'.i.-;      l.tisc 
.595     211.10       L06D 

L896.589    210.64       l.mi 


2:2041. 

a  =  l(ih  20m.3  ,  8  = 
L896.598        4.00 


+  1°  28' 
2.45  D 


5:2055.     \  Ophiuchi. 

L6    25m.9  ,  8  =  +2°  12' 

L896.581        18.53      L.61  D 

.598       53.33      1.G3D 

l.S'.tc.r.'.Mi       .-.o.'.i:;      L62 
2.;  Kir,. 

a  =  16"  2<im.5  ,  8  =  — G°  50' 

L896.598       19.06      0.82  E 

23107. 
a  =  I6b  53m.8  ,   8  =  +4°  4' 
L896.592      96.74      1.34  D 
.598      95.46      1.38  D 

1896.595      96.10      L36 


•  THE    MORRISON    OBS1  i:\   \  TORT, 
PRITCHETT. 

The  magnifying  powers  employed  were  300, 600  and  800, 
and  these  are  distinguished  in  the  following  notes  bj  C.  D 
and  E  respectively.  The  four  columns  oi  the  table  contain 
the  epoch  of  observation,  the  observed  position-angle,  the 
rved  distance,  and  the  magnifying  power.  The  right- 
ascensions  and  declinations  refer  to  the  equinox  of 
L! .0, 


22120. 
17h  0m.8  .  8=  4-28°  14' 


L896.585     244.10 
.595     245.06 


6.87  I' 
6.50  C 


L896.590     244.58      6.68 

36  Ophiuchi. 
a  =  171'  9m.2  ,8=       !6°21 
L896.567     L92.96       L06C 
.612     L96.05       I. Ink 
.632     194.93       UHH 


L896.604     194.65  4.09 

22156. 

a  =  I7h  18m.8  ,  8=  -0°4r,' 

L896.581       36.83  3.32D 

.592       39.26  3.36D 

.595       37.00  3.28D 

1896.589       37.69  3^32 


22171. 

a  =  17"  ■-'.'.'". 7   .    8  = 

L896.595       68.13 
.587       67.93 


9  E 
1.86 


L896.591       68.03  1.86 
22173. 

a  =  17"  •-'.■)'".-'  ,  8  =  —0°  59' 

1896.581      L60.86  1.30D 

.592     159.06  0.95  D 

.598     165.23  1.42E 

1896.590     161.72  L22 


22244. 

a=  17"5."".(l  .  8=4-0   7' 


L896.581     278.23 
.598     275.06 


0.94  D 
0.87  D 


1896.590  276.65      0.91 

22220.  ix  Herculis,  A.B. 

a  =  ni,  42"'.:,  ,  8  =  +27°  47' 

L896.584  243.28    31.93 

2  2220.  ,,  Hereulis,  B.C. 

L896.584  230.23       .    .  D 

.598  234.98       .    .  E 

.606  232.70      0.70  E 

L896.596  232.63      0.70 


2"  2262,     T  Ophiuchi. 

a  =  171'57'".5  ,   S  =  — 8C  11' 

L896.581  253.62  2.30  D 
.592  258.33  1.98  D 
■595     257.21       1.93  D 

1896.589     256.39      2.00 


22272.     70  Ophiuchi. 

a  =  18"  0" '.4    ,   8  =  4-2    32' 


L896.567 
.576 
.58 1 
.592 
.595 


290.95 
291.13 
288. 16 
286.74 
288.91 


2.36  C 
2.34  D 
2.14  C 

2. 1  2  I » 
1.97  I) 


1896.582     289.24      2.19 


N"<>-  397 
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</ a  l    JOU  i;  n 

V  I,. 

2  2311. 

is'.  i7'".r,  ,  8  = 

+  ir  28' 

L896.598     159.06 

5.64  D 

.6:52      160.00 

5.2]  D 

L896.615     L59.53 

5.43 

0£358. 

is''  :;i "•..-,  ,  8  = 

I  16'   55' 

L896.612     L94.37 

1 .93  E 

V,:;:;    195.30 

2.02  E 

1896.622     194.83 

1.98 
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,£2286. 

5'".0  .   8  = 

317.60 
315.20 


L896.592 
.595 

1896.593     316.40      2.23 


fn   81' 

2*32  C 

2.14  1) 


is' 

1896.595 

Wash 


l  2303. 

14'".0  ,  8 

224.23 

iiiiton  University,  St. 


— S°  3' 
2..",:  1) 


£2306,  A.r.. 

is1'  18m.5  .  8  15   8' 

1896.606     220.25     U.54E 
.oil'     220.82    1X58  E 


1896.609 


20.54     11.56 


£2306,  B.C. 
1896.606       73.43      0.83E 
.612       59.08      0.81  E 

1896.609       66.25      0.82 

Louis.  LS97  Jan.  15. 


£2541. 

18    81"       ,  8        -10°  39' 

1896.633     333°20  L32E 
£2545. 

L9"  33»'.8  ,8  10°  23' 

1896.633     322.10  3.70E 

ft  151.     ft  Delphini,  A.B. 

20h  32ra.9  ,  8       +14°  15' 
L896.633         1.80      0.45E 

ft  Delphini,  A.D. 
1896.633    333.00    37.23E 


MICROMETRIC   MEASURES   OF    DOUBLE    STARS, 

MADE      '.r     llli:     OBSEKVATORy     OF     WESLETAH     CTNIVEESITy,     MIDDUETOWN,     CONNECTIC1   I, 


11 -v 

\V.  S.   EICHELBERGEE 

Z3795,  AC. 

£15 

J4  —  Cont. 

.  1909. 

£19 

24  —Cont. 

u  =  11''  54'"  ,   8  =  +71°  20' 

1896.606 

158.5 

14.99 

a  =  15h  0 

'   ,  8  =  +48°  7' 

1896.606 

303?6 

15.57 

1896.556      151.5      33.33 

.633 

156.0 

15.42 

1896.537 

.597 
.614 

243.6          1.55 
242.0        5.04 
241.6         4.67 

.01  1 

305.9 

15.72 

.595       150.1      33.47 
.606       150.9      33.67 

1896.592 

a  =  131'  2! 

157.3 

11761. 

"■  ,  8  = 

15.18 

+72°  20' 

1896.596 

305.1 

1  577. 

15.05 

1896.586       150.9      33.49 

1896.583 

242.4        4.75 

1896.51".) 

70.6 

20.61 

a  =  1>  52 

"  ,  8  = 

+•35    51' 

£1594,  AB. 

a  =  11"  57'"  ,  8  =  +42°  4' 

.507 
.614 

1896.580 

71.1' 
71.8 

71.2 

20.66 
20.60 

20.62 

a  =  l.V'  9' 

1. 891  '..567 

71924. 

,  8  =  +26°  12' 

305.S       15.00 

1.S00.507 
.633 

15.4 

15.7 

9.37 
9.2] 

1896.537       157..'!      15.14 

is;  (6.600 

15.5 

9.29 

MINIMA   OF   THE  ALGOL-TYPE  "V 

By  W.  E. 

The  following  observed  minima  of  this  star  are  included 
between  1894  November  19  and  1896  January  12.  The 
times  are  Greenwich  mean  times,  and  are  not  corrected  for 
the  "Equation  of  Light."  The  method  of  reduction  has 
been  by  the  usual  single  curve,  by  Dr.  Chandler's  mean 
curves  (A.J.  Vol.  IX,  p.  52),  and  by  equal  lights  read  from 
single  curve.     The  weights   given  to  the  results  obtained 

from  the  mean  light-curve  reductions  indicate  the  n ber 

of    observations    from    which    they   were    individually    de- 
rived. 

1894  November  19  ;  fourteen  observations,  from  141'  58'" 
to  21h  23'". 

h        in 

Time  of  minimum  by  single  curve,  18  42. 

mean  curve,    18  41.9,  wt.  7. 
equal  light.     18  46.4. 


ARIABLE   320  U  CEPIIEI,  1894-1896, 

SPERRA. 

1894  December  4  ;  twenty  observations,  from    I3h  37" 
201'  52'". 

h        m 

Time  of  minimum  by  single  curve,  17  26. 

"  mean  curve,     17   41..'!,  wt.  10. 


" 

equal  light, 

17  38.4. 

8.2 

Before 

i,         in 

15    18 

After 

l!           "I 

19  42 

Jlean 

171'  l.v'ii 

S.4 

1 6     2 

1!)  25 

17  w.r, 

S.6 

16     8 

19     9 

17  38.5 

8.8 

16  14 

18  53 

1  7  33.5 

9.0 

16  22 

is  39 

17  30.5 

Mean 


17  38.4 


Before 


After 


8.2         16 

50 

20  47 

IS   4S.5 

8.4         17 

4 

20  29 

18    16.5 

8.6         17 

15 

20  18 

18  40.5 

8.8         17 

26 

20     6 

18  46.0 

9.0         17 

37 

19  52 

18  44.5 

Mean 

IS    10.1 

1894  December  19  ;  seventeen  observations,  from  13h  IS" 
to  19h  37m. 

h         in 

Time  of  minimum  by  single  curve,   16  56. 
"  "  mean  curve.     10  38.7,  wt.  11. 


.. 

equal  light, 

16   ll.i'. 

Before 

After 

Mean 

ii      in 

ii       in 

Ii        m 

8.2 

11  39 

18  35 

16  37.0 

S.4 

14  59 

18  1M 

16  lo.o 

8.6 

15   14 

18  14 

10   4  1.0 

8.8 

15  26 

IS   10 

16  48.0 

9.0 

15  39 

18    5 

10   52.0 

Mean 


10    44.2 
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1895  trenteen  observations,  from    II    54" 

to  15 


if  minimum  by  single  curve,  L3  16. 

ii  c  in  \ e,  ] ;:  35.1 

equal  light,  13  It',.; 

Before  Ann  Mea 


w  1 .  7 . 


Before 

After 

Mean 

ii     in 

ii      in 

I,     i„ 

S.I 

10  28 

'.'ii   15 

is  21.5 

8.6 

to  •■'.'.» 

20    :; 

is  21.0 

8.8 

If,    15 

I'.i  49 

is    I7.ii 

9.0 

n;  52 

l'.i  37 

IS    |  1.7, 

i  I  7,i ; 

17,  L9 

13  37.5 

11'      '.1 

17,    10 

13  39.5 

9.0 

I.  20 

17,       1 

13   l7.o 

9.2 

Ii'  32 

11    7, 1 

I.".   13.0 

Mean 

ed 


13    16.7 


Mean  is   is. 7, 

Lowest  i  ei        lit,  9m.37. 

1896  January  11':  thirteen  observations,  from  Llh36mto 

I.,     ll 

ii     in 
Time  ol  minimum  1,\  single 

mean  cur\ ,'. 


equal  light, 


L895  May  20;  fifl  itions,  from  I  I   51    to20   1 7  . 

i,     ,1, 
Time  of  minimum  by  single  curve,  18  10. 

mean  curve,     is  24.5,  wt.'.i. 
:  light,     18   is. 7,. 
/;,/,  i  !».  8. 

MAXIMA    AND    MINIMA    OF 

B5    -I.   A.   P. 
'_".> I.      W  t  'assiopeue. 
M  v  i , I . > . ■  i  \  at  ions  i'l'  this  star  began  L89  I  Dec.  7,.  aim 
ontinuous  till  the  present  time.     Wben  first 

ll".5,  and  after  a  slight  fall  rose  to  the  maxi- 
mum i,n  1895  -Inly  1  1.  making  tin-  interval  M—m  not  less 
than  208  bserved    maximum   was    1896 

Aug.28  interval   M  —  m  222  days.     The  date  of 

maximum  is  loo  days  late  of  the  epheineris,  but  my  light- 
curve,  though  tlat.  is  nut  consistent  with  a  maximum  earlier 
than  A.ug.  9,  or  later  than  Sept.  25.  Tin'  maximum  magni- 
tude was  s.  i,  ami  tin-  observations  number  71  in  all. 

659.     \  ( 'assiopeae. 
Sii.,  linimum  I  have  24  observations,  yielding 

a  faint  maximum,  10". 2,  1896  ( let.  8.  The  rise  was  gradual, 
and  the  fall  ■  ter,  to  11  '.0  on  I  >,•<•.  117 

6207.     ZOphiurhi. 
This  season's  observations  began  1896  May  28,  when  the 
star   was   9    0.     1'    fell   slowly   to   a    minimum,  12".3  on 
'  l".2  at  the  last  observation  Nov.  26. 
irve  at  this  minimum  was  quite  flat,  which,  combined 
with  tin'  low  position  of  the  star,  renders  the  determii 
■    1  o  or  1 7,  daj  s. 

6449.      TDraconis. 
This  star  rapidly  during  L896  May  in   \ 

then  mi, re  slowly  to  a  minimum,  10". 9,  on  Oct.  4.     The  rise 
following  was  a  little   slower   than    in    1895,  with    the  same 
indications  of  a  stand-Mill  at.  lovJ  during  the  third 
after  minimum.     A  secondary  minimum   is  suspected  here, 


8  s 
'.i.o 
9.2 


Before 

i,      ii 
L2  38 

li'    I  l 
11'   7,0 


After 

17,"  i:;" 
17,  38 
17,  1'li 


Mean 
l.ov, est  observed  light, 


I  I     '.i. 
1  l   i:;.7,.  u 
l  I     9.8. 

Mean 

1  I''  lo'.7, 
1  I  I  l.o 
I  I      S.o 

1  I     :i.s 


9m.60. 


LONG-PERIOD    VARIABLES, 

A.RKHURST. 
I, nt  the  evidence  is  not  yet  conclusive.     The  interval  be- 
tween my  two  minima  is  lis  daj  3. 

65 19.  II  Lyrae. 
My  observations  began  1896  Oct.  3,  when  the  star  was 
Becoming  fainter.  It  fell  from  8M.3  to  less  than  12*  at  the 
last  comparison,  Pee.  24.  The  fall  during  the  last  month 
was  only  1",  as  compared  with  2".5  during  the  preceding 
month,  the  form  of  the  curve  suggesting  a  minimum  of 
about  13"  early  in  1897.  There  is  a  12"  star  10*.4  prec, 
l'.i',  south,  and  a  12".  3'.5  prec,  0'.7  south. 

6871.      V  Lyrae. 

I  have  11  observations  of  this  star  between  l896Sept.22 
and  1897  Jan. 9.     I  found  a  rise  from  9". 8  to  a  maximum, 

9".4,  on  1896  Oct.  is  (the sec 1  of  Mr.  H.  M.  Pakkhi  rst's 

maxima),  followed  1>\  a  rapid  fall  to  less  than  11".3  at  the 
last  comparison.  The  rate  of  fall  \\a^  retarded  during  the 
last  month. 

7085.      ETCygni. 

Since  tin'  maximum  in  1896  July,  1  have  22  obsen  ations, 
giving  a  minimum,  11".7  on   1896  Oct.  26.     The    rati 
i  ise  and  fall  are  about  equal. 

7458.      VDelphini. 

This  star  was  not  seen,  therefore,  helow   ll"1.  1896  A.Ug.10, 
I'd.   and    Sept.  23.       It    was   seen   at    12".4    Oct.  5,   and    had 

risen  suddenly  to  9«.8  on  (iei.  i'l.  It  was  followed  till 
L897  dan.  I'd,  the  curve  giving  a  maximum,  9".0,  on  1896 
No\.i'l.  The  fall  was  rapid,  reaching  11  ".3  at  the  last  ol,. 
servation.     There  is  a   L2".2  star  s  ,2  prec,  0'.7  north,  and 


N"  m; 
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three  1 1"    12"  stars,  forming  a  slightly  curved  line  -'  long, 
1  t>  following. 

7492.  EZCygni. 
This  star  was  firsl  identified  L895  Nov.  L9,  at  I2a.0.  li 
remained  atthis  brightness  till  1896  Mar.  I.  Then  followed 
a  break  in  the  series  till  May  28,  when  it.  was  seen  un- 
changed. The  next  comparison  was  made  A.ug.  •">.  when  the 
star  had  risen  to  10M.1.  It  was  about  stationary  during 
August.,  railing  slowly  to  12".0  by  November,  and  reaching 
1 2".7,  1896  Jan.  <i,  when  last  seen.  The  maximum  probably 
Marewjo,  III.,  1896  Jan.  30. 


occurred  between  July  15  and  Aug.  L5,  al  aboul  10". 0. 
M\  observations  number  31.  The  variable  is  9'.0  follow 
ing  46°3078  (no1  L8".7,  as  given  \>\  Espih  in  f.2V.  3198), 
and  0'.  I   south. 

8324.      /'  Cassiopeae. 
M\  regular  watch  on  this  star  has  been  continued,   17 
observations  between   1896  Aug.;;  and    Dec.  12  yielding  a 
minimum,   12". 4,  on  Oct.  3.     The  brightness  on  the  first 
named  date  was  10M.0,  and  on  the  last,  9M.7. 


NOTE   OX    THE    YAK  I 

By   PAUL   s. 

I  began  my  observations  of  this  star  on  I  S'.H'i  I  >ecember  .'il . 
and  observed  it  as  often  as  possible  until  1897  February  1. 

The  nine  observations  secured,  though  not  definitely  indi- 
cating a  date  of  maximum,  fully  confirm  the  fact  of  the 
star's  variation. 

The  observations,  reduced  by  J.  A.  Pabkhurst's  magni- 
tude-scale to  facilitate  comparison,  arc  as  follows: 


896  Dec.  31.3 

Lot 

al  M.T. 

11.0 

897  dan.     2.3 

10.9 

6.3 

lit.;) 

9.3 

10.9 

23.3 

8.7 

25.3 

8.G 

30.3 

lO.S: 

star  ven  low 

31.3 

10.r.:. 

it            U              it 

Feb.    1.3 

10.2: 

a         n          a 

Taken  in  connection  with  Mr.  Pabkhuest's,  the  above 

observations  afford   strong   indication    that   the    star  is  a 

second  example  of  the  type  of  U  Geminorum.     It  is  much 

to  be  regretted  that  the  gap  from  my  observation  of  Jan.  9 

Dorchester,  Mass..  lstiT  Feb.  11. 


ABLE   7792  SS  CYONI, 

V  KM  IF.  1,1,. 

to  I'akkhi  i.-st's  of  Jan.  19  includes  the  whole  increase  <■! 
the  star's  light.,  and  probablj  a  part  of  its  decrease,  the 
greatest  light  observed  being  nearly  a  magnitude  and  a  hall 

less  than  that  given  in  the  original  at uncement.     The 

duration  of  the  light-changes  is  confined  by  these  obser 
vations  to  21  days,  or,  if  we  accept  the  announced  period 
of  40  days,  the  observation  of  Mr.  Paekhuest  on  1896 
Dec.  20  reduces  it  to  one  day  less.  It  seems  likely,  how- 
ever, that  further  observation  may  materially  reduce  this 
value,  and  that  the  increase  took  place  in  much  less  time 
than  the  ten-day  interval  in  the  January  observations. 
Neither  on  this  point,  nor  on  the  data  from  which  the  10- 
da\  period  was  inferred,  does  the  original  announcement 
from  Harvard  Observatory  afford  any  information,  but.  in 
view  of  the  great  irregularity  of  the  period  of  V  Geminorum, 
it  is  possible  that  iS'.S  <'ii<jni  may  also  prove  to  a  consider- 
able degree  irregular.  Consequently  it  is  very  desirable 
that  it  should  be  followed  up  by  those  observers  who  make 
a  practice  of  morning  work,  so  that  no  doubt  may  aril  e  a 
lo  the  actual  number  of  epochs  elapsed. 


SEARCH   FOR   COMET   OR 


On  Sept.  21,  1896,  a  telegram  from  Mr.  Swift  was  re- 
ceived here  as  follows  :  "  Last  night  at  sunset  object  as 
bright  as  Venus,  one  degree  east  of  sun." 

That  afternoon,  with  a  Herschel-prism   applied   to    the 

12-inch  telescope,  I  examined  the  region  immediately  about 

the  sun,  and  then  with  a  low-power  eye-piece  for  several 

degrees    on  every  side  of  the  sun,  without  finding  the  ob- 

Mt.  Hamilton,  Cat,  1S97  Feb.  12. 


COMETS   REPORTED   BY   SWIFT,  SEPT.  20, 

By  W.    .1.   HUSSEY. 

ject.     As  the  sun  set  I  again    searched  north,  south  and 


east  of  it,  and  the  next  morning  as   it  arose,  north,  south 
and  west  of  it,  without  success. 

For  several  evenings  and  mornings  .Mr.  Peeeine  searched 
with  the  comet-seeker  the  region  for  many  degrees  about 
the  sun. 


CANALS   OF  MARS. 

Mr.  Peecival  Lowell  telegraphs  from  Mexico,  March  3 :     "Martian  canals  doubling  passim. 
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OBSERVATIONS  OF   SMALL    PLANETS, 

MADE     VI      I  III      I  ,S.     N  \'.    \  l     OBSERVATORY     Willi     I  III      12-IXCII     EQI    \  1  • '  K I  \  I  . 

By    EDGAR   FRISB1  . 
[Communicated  bj    Prof.  \Vm.  Harkjjess,    U.S.N'.,    Astronomical    D 
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THE   SECULAR   PERTURBATIONS   OF  MERCURY, 

By  ERIC   DOOLITTLE. 


The  elements  which  have  been  used  in  the  following 
computation  were  taken  in  each  ease  from  I>r.  G.  W.  Hill's 
"New  Theory  of  Jupiter  and  Saturn,;"  those  of  the  four 
inner  planets  are  found  on  page  192,  of  Jupiter  and  Saturn 
on  page  558,  of  Uranus  on  page  109,  and  of  Neptune  on 
page  161.  The  mass  of  Uranus  has,  however,  been  taken 
as  33i^jf(i,  as  suggested  by  Dr.  Hill  (Astronomical  Journal, 
no.  316). 

The  method  employed  is  the  modification  of  (Jauss's 
method  published  by  Dr.  Hill  in  the  Astronomical  Papers 
Prepared  for  the  Use  of  the  American  Ephemeris,  Vol.1, 
1882.  The  work  in  each  case  has  been  carried  through 
twice  from  the  beginning  at  different  times,  and  verification- 
formulas  and  different  forms  of  the  equations  have  been 
used  in  the  duplication  where  it  was  possible. 

The  perturbations  arising  from  the  action  of  Venus  were 
published  by  Dr.  Hill  in  his  memoir  "On  Gauss's  Method 
of  Computing  Secular  Perturbations,"  and  the  results  have 
been  verified  by  Dr.  Louis  Abndt  i  Reeherches  sur  le  calcul 
r/c.s-  Forces  Perturbatrices  dans  la  Theorie  des  Perturbations 
Seculaires.  Bulletin  de  In  Sm-iete  den  Seieueex  Xnfn  relies 
de  Neuchatel.  Tome  XXIV,  1890).  The  results  are  hence 
adopted  in  the  following  without  further  verification,  ex- 
cept that  the  mass  ^g^^  bas    been    adopted  for  Venus 


value. 


.  |  .  .  which  was  employed 


instead  of  LkVkrriei;.' 
by  Dr.  Hill. 

The  perturbations  arising  from  the  action  of  the  Earth, 
Mars,  Jupiter  and  Saturn,  respectively,  have  been  published 
in  the  Astronomical  Journal,  nos.  376,  381,  386  and  392. 
Those  arising  from  Uranus  and  Neptune  were  computed 
from  the  following  elements: 


Mercury 


0 


log  (I    = 


13.62 

•1 

46  33     8.63 
0.20560476 
9.5878217 


in    =    . 


Si' 

e1 
log  a' 


Uranus 

168°  15     6.7 
0  46  20.54 
73  14     8.0 
=  0.0469236 
=   1.2831044 
—        i 


Neptune 


43   17  30.3 
1   47     1.68 
130     7  31.83 


log  a1  = 


u.imisi:h;l' 
1.4781414 


$  = 
Si'  = 

Epoch  1850.0  Greenwich  Mean  Time. 
The  resulting  values  of  the  preliminary  constants  were, 
in  the  two  cases, 


I  = 

6   19  17.40 

/  = 

7     1  42.65 

//  = 

21]   43  L0.39 

77  = 

223  12  39.15 

77'  = 

304  49  47.06 
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191  16  25.42 

K  = 

266  43  32.95 

K  = 

324  34     3.91 

K<  = 

267     3  12.48 

K<  = 

324  24     7.31 

log  k   = 

9.99S21 88 

log  ft  = 

9.9968502 

log  //  = 

9.9991396 

log  /.•'  = 

9.9998757 

log  c 

9.9089914 

log  c    = 

8.8147322 

c    = 

0.81094500 

0.065272791 

The  orbit  of  Mercury  was  in  each  case  divided  into  eight 
parts  with  reference  to  the  eccentric  anomaly,  and  the 
sums  of  the  functions  corresponding  to  the  odd  and  even 
points  of  division,  respectively,  were  in  substantial  agree- 
ment.    The  residuals  from  the  ecpration 

sing. -J-.4  <"  +  eosijp.  7?<r>   =  0 
were     +0.000000000  049  and    +0.00000000098     respec- 
tively.    The  resulting  values  of  the  differential  coefficients 
were  as  follows  : 

Action  of  Uramis. 
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r  de 

l-d-t 

L  dt  J 
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Action  .'i    \ 


log  coeff. 


T-^ll     =  +   0.065401848  m>  ^8.8155900 

\-~~\     =  +  8.254  1736      m  p0.9166894 

=  _  0.39452600     >„'  »9.5960756 

L  dt  Joo 

-'^"l     =         8.7298700      mf  »0.9410078 


Uranus  Veptune 

•  0.0000096384  l         +0.00000331989 


0.9132501 


11  826130 


dt  Joo 


=    -  0.000024  14958 

n 

dt}*> 


+  (i.(iol  121  3479 


_    -0.0013498699 

=    +(i.(i(H  111  2801 


0.002011  3907 


+0.00041900885 
0.000  02002670 
-o.odo  1 13  I  1061 
+  0.000  U570371 
—0.00060031  L25 


[f  we  adopt  the  above  values  of  m',  we  obtain  the  follow-         The  entire  variations  of  the  elements  may  dch   be  ex- 
ing  results:  pressed  by  the  following  equations: 


l-0".0413949    f-0w.0266383v'  +0".0116259v"  -  0".000 607 428 V"  +0".003194  13  v1 
+0".000  531 0952  V1    +  0". 00963844V"  +0".00000331989vvtl 
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dt  >  +0".073122627/   +0".001  I213479vvl   +0".00041900885vvU 
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VdL 
\_dt 


- o".i oc. -,710.-,,^    -o".oo:'oi  i:;-.i((7rv'  -o".oooooo;;i  i  2.",,  » 


In  the  above  equations,  the  quantities  r'.  v",  >■"'  ■  . .  are 
corrections  to  the  masses  adopted  above  for  Venus,  the 
Earth,  Mars,  etc.,  respectively,  and  which  are  connected 
with  the  true  masses,     m1,  m",  m"' ...     by  the  equation-,. 

„,'=  ,„(/,l +  ,■'>;   »/'=  «/0"(l  +  ,."i;  /«"'  =  »/,,'"( I  +v"'),  etc. 

The  coefficients  have  been  written  to  as  many  decimal 
places  as  the  numerical  work  seems  to  justify,  and  maj  be 
considered  as  an  indication  of  the  accuracy  of  the  compu- 
tation 111  e  I  el  \ . 

If  we  give  to  v',v",v"'...  the  values  necessarj  tocorreel 
the  assumed  masses  to  those  adopted  by  LeVerke  r  i  Annates 
deVObservatoirede  Paris,  Vol.  V,  p.  19),  the  resulting  values 
of  the  differential  coefficients  compare  with  those  oi  Le- 
Veertjek  ;is  in  the  following  table. 

final  column  gives  the  results  of  Newcomb  (Papers 

ed  for  the  Use  of  the  American   Ephemeris,  Vol.  V, 

PartlY.     I  ariationsofthe  Four  Inner  Planets). 


Method  oi 

Mel  hud  Of 

Results  oi 

LeVkrri  n: 

Gauss 

NEW!  on  b 

1— 1 

L  dt  Joo 

+0.04188 

{  o.o lis:, 

1-0.04139 

|_  dt  Joo 

+  5.2716 

+5.2654 

+5.3180 

L  '"  Joo 

-0.21702 

0.21689 

—0.21503 

rdai 

L  *  Joo 

-4.446-1 

-4.4654 

1.6527 

rdLl 

—6.7766* 

-6.7460 

dt  j 

It  is  ilms  evidenl  that  the  want  oi  agreemenl  between 
LeVerrier's  results  and  those  expressed  by  the  equations 
written    above,    arises    from    differences    in    the   assumed 


•  This  value  does  not  include  the  action  oi  Uranus  and  Neptune. 
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VARIATIONS  IN  THE  DKCLI  \  ATH)\-S\ 

Ilv    R.    II. 

The  observed  zenith-distauces  of  standard  stars  maj 
serve  not  only  to  furnish  a  value  of  the  latitude  bj  the 
Meridian-Circle, but  also  as  a  comparative  test  of  the  decli- 
nations nt  the  lisi . 

Two  groups  will  be  considered  here;  one  containing  stars 
within  about  20°  of  the  pole,  and  which  can  be  observed  al 
both  culminations,  and  the  other  a  selected  list  of  equatorial 
stars,  between  +  15°  and  —10°.  Since  these  stars  were 
observed  as  fundamentals  to  furnish  places  for  another  list. 
no  special  effort  lias  been  made  to  secure  uniformity  in  the 
number  or  distribution  of  the  observations,  but  these  are 
sufficient  to  give,  in  general,  confidence  in  the  results.  Of 
the  first  group  there  are  32  stars  observed  at  both  culmi- 
nations, and  I,'!  at  one  culmination  only. 

Leaving  aside,  for  the  present,  the  effect  of  latitude- 
variation,  those  observed  at  both  culminations  furnish  a 
value  of  q  which  is  independent  of  the  error  of  declination. 

While  the  figures  are  mainly  of  local  interest,  they  will 
be  used  here  as  the  medium  of  comparison,  and  are  ac- 
cordingly quoted  in  full. 

The  value  of  qp  from  the  direct  mean  of  the  32  stars  is 
.".7  '  20'  25".52,  and  the  p.e.  for  one  star  is  ±0".10.  This 
probable  error  is  due  to  observation,  in  which  are  included 
the  errors  of  graduation,  and  the  differential  effect  of  the 
refraction  and  flexure  constants. 

The  mean  q  at  U.C.  is  25". 411. 
and  at  L.C.       25".55. 

If  all  the  stars  observed  be  included, 
the   mean  q  at  U.C.  is  2.V.40  for  3(i  stars, 
and  at  L.C.      25".49  for  41  stars. 

The  p.e.  of  qi  from  a  single  star,  are  respectively,  ±0".2.'i 
U.C,  and  ±0".28  L.C. 

The  probable  error  of  observation  can  be  determined  by 
comparison  of  observations   made    circle   East  and   West. 
There  results  for  the  mean  of  the  two  positions, 
for  U.C.  ±0".14  from  20  stars, 
and  L.C.  ±0".20  from  28  stars. 

From  the  p.e.  of  an  observed  q.  and  the  p.e.  due  to  obser- 
vation, there  is  obtained  ±0".19,  for  the  probable  error  of 
a  single  B.J.  declination. 

The  latitude  determined  from  circumpolar  stars  is 
affected  by  certain  classes  of  systematic  errors,  among 
them  such  as  depend  upon  flexure,  refraction,  and  the  error 
of  bisection,  which  may  be  of  the  nature  of  a  personal 
equation.  All  these  errors  operate  in  the  same  sense  upon 
the  zenith-distances  measured  at  the  two  culminations,  in- 
troducing a  correction  to  the  observed  value  of  <j>,  which 
may  be  nearly  a  constant,  for  the  mean  angle  measured. 

Turning  now  to  determinations  made  south  of  the  zenith, 


STEM  OF  THE  BERLINER  JAHRBUCH, 

TUCKER. 
i  lie  mean  c|  from  the  equatorial  list  of  86  stars  observed 
is25".65|  with  p.e.  for  one  star,  ±0*.25.     The  largest  re- 
siduals are  +  0".81   and  — 0".89. 

Comparison  of  determinations  circle  East  and  West,  for 
72  stars  thus  observed,  give  the  p.e.  of  observation  for  the 
mean  of  both  positions  ±0".13. 

The  p.e.  of  an  observed  q  for  this  list  of  72  stars  is 
i  it". 2  I  :  whence  there  results  the  p.e.  of  a  B.J.  declination, 
±0".20. 

This  value  nt'  i(  is  affected  by  the  same  classes  of  sys- 
tematic error  as  the  value  from  the  polar  stars,  acting  in 
the  contrary  sense;  and  also  by  the  mean  error  of  the 
declinations  of  the  list. 

The  difference,  0".13,  between  q,  from  the  circumpolar 
stars  observed  at  both  culminations,  and  q  from  the  equa- 
torial list,  includes  the  mean  error  of  this  last,  ami  double 
the  effect  of  the  systematic  errors  of  observation.  Since 
it  is  almost  precisely  satisfied  by  the  bisection-correction, 
0".06,  which  has  been  independently  determined,  the  re- 
maining sources  of  error  must  be  very  small,  unless  thej 
balance  in  their  effect. 

With  the  72  equatorial  stars  as  a  basis,  the  systematic 
deviations  can  be  studied.  The  results  can  best  be  pre- 
sented in  the  form  of  Table  I,  for  which  some  slight  ex- 
planation only  will  be  necessary.  The  mean  gi  of  three 
successive  stars  is  first  taken  ;  the  residuals  of  these  groups 
will  then  represent  the  hourly  deviation  as  well  as  the 
material  will  permit. 

The  residual  is  to  be  interpreted  as  the  observed  error  of 
the  B.J.  declination.  Groups  of  six  successive  stars  give 
the  deviation  for  two  hours,  and  the  combination  is  thus 
carried  up  to  six  hours.  The  average  of  the  residuals  is 
given  at  the  foot. 

For  the  hourly  groups  it  may  be  added  that  the  p.e.  of  a 
group  is  ±0".l  I,  which  would  also  result  from  the  p.e.  of 
one  star,  on  the  assumption  that  these  groups  present  ac- 
cidental deviations  only. 

The  circumpolar  determinations  are  treated  in  a  simi- 
lar manner  in  Table  II.  The  residuals  are  obtained 
directly  from  the  U.C.  observations,  and  from  the  L.C. 
with  reversed  sign.  All  45  stars  have  been  included,  an 
average  of  nearly  two  pier  hour,  or  of  four  in  the  two-hour 
groups.  The  residuals  do  not  exactly  balance  in  sign,  since 
stars  at  one  culmination  have  been  given  the  same  weight 
as  those  at  both. 

The  p.e.  of  q  for  a  single  star,  observed  at  both  culmi- 
nations, is  ±0".24,  the  largest  residuals  being  +0".57  and 
-0".68. 

The  p.e.  of  observation,  obtained  from  the  difference  be- 
tween the   two   culminations,  is    ±0".10    for   the    mean; 
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whence  the  p.e.  of  a  B.J.  declination  would  !'<•  ±  0".22,  some-  \  \  alue  of  the  latitude  deduced  from  simultaneous  obser- 

what  larger  than  the  result  from  the  single  culminations.  ration   of  the  two  lists  of  stars,  while   ii    would   present 

Evidence  of  systematic  deviations  is  plain  in  both  series  systematic  deviations  corresponding  to  the  mean  of  both, 

of  observations,  and  appears  as  an  annual  tern,  when  the  would  still  be  nearlj  free  from  the  effect  of  the  systematic 

results  are  plotted  by  nights.     That  the  effect  is  not  directlj  errors  "I  observat  ion,  referred  to  above. 
in  be  traced  to  the  season,  is  evident  in  the  case  of  circum-         The  mean  deviations  observed  for  the  two  lists  are  given 

polar  stars,  which  give  results  in  good  agreement  at  epochs  in  Table  III. 
approximately  six  months  apart  for  the  two  culminations. 


I  \i:i  bs   1    111       Deviation   of  <  *bsi «\  bd  qp0 
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The  effect  of  latitude-variation  can  best  be  studied  by 
arranging  the  determinations  in  a  consecutive  series  of 
nights. 

Before  a|> i  correction,  the  direct    mean    ol    L61 

nights  used  an ■ :  q  at  (J.C.  25".50,  at  L.C.  25".43,  the  mean 
being  2.V.  17.  from  the  circumpolar  stars.  This  differs 
slightly  from  the  i  an  by  stars,  since,  in  the  last, 

its  depending  upon  the  number  of  observations  were 
uot  assi 

value  of  q,  from  the  series  of  nights,  for  the  equa- 
torial -  i  65,  the  same  as  given  by  the  direct  mean 
by  stars. 

The  mean  <;  given  by  the  two  lists  of  stars,  circun 


and  equatorial,  is  25".56;  and  the  mean  of  the  two  sets 
observed  each  night  will  be  adopted,  as  the  best  value  of  <r 
afforded  by  the  material.  In  general  there  are 8 equatorial 
stars  and  6  rireum|iolars  per  night. 

The  computed  variation  from  Chandler's  elements  is 
small  throughout  the  greater  part  of  the  series/whtofe. ex- 
tends from  September  L893  to  June  1896.  The  average 
correction  is  but  ±0".05  per  night,  and  only  ±0".02  during 
the  Brs1  half.  Ii  did  not  amount  to  0".l  until  July  1895, 
and  the  maximum  correction  is  +0".20  in  February  1896. 
The  mean  q  —  %  1S  — 0".012;  and  the  <j>0  corresponding 
to  this  series  of  observations  is  accordingly   .')7    20'  25".57. 

The  divergence   of   the   annual   term  and  the    14-month 
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term  will  produce  larger  variations  during  the  period  en- 
suing. Observations  with  the  Meridian-Circle  have  been 
continued  without  break  since  the  close  of  the  scries  which 


has  been  under  consideration;  and  for  this  year  about  one 
hundred  stars  from  Boss  will  be  used  as  fundamental  in 
declination. 
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The  correction  imputed  for   each    aight    has 

been   applied.     The  p.e.   of  the  observed   qs,  for  a  single 
night,   in   ttie  consecutive  series,  is    fc0"M60,   the  largest 

residuals  being  +C.70  and  —  ()".('.:. 

The  p.e.  of  ohservation  for  the  stars  is  ±0".08,  whence 
the  combined  p.e.  of  the  zenith-reading  and  the  mean  dei  li 
nation  is  ±  0".  I  I 

Combining  the  observations  of  •/ .,  into  groups  of  nights 

which  contain  the   same  stars,  with   but    lew   exceptions, 

ire  lo -roups  with  an  average  of  four  night-  each. 

The  p.e.  of  <r0  for  a  single  night,  iledn  ted  from  these  groups, 

is  then   ±0".125,  the  largest  residuals  being  +  (•".  17  and 

0    12      In  these  groups  the  effects  of  graduation-error, 
•mil  of  the  declination-error  are  excluded,  and  the  p.e.  of 
ation  of  the  star-  becomes  ±0".07,  leaving  ±0"  10 
for  the  p.e.  oi  zenith-reading. 

The  probable  error  oi  a  single  nadir  has  been  obtained 
from  a  comparison  of  360  determinations,  on  ll'ii  nights 
for  which  no  rate  was  adopted,  and  is  ±0".18.  The  mean 
o)  three  reading-  would  have  the  p.e.  ±0".1 1,  iii  good  ac- 
cord with  the  above.  The  p.e.  of  the  mean  declination, 
per  night,  would  then  be  ±0".10;  much  larger  than  would 
resull  from  the  combined  accidental  errors  of  declination 
.  which  max  be  adopted  as  i  0".20  for  a  single  star. 

There  is  an  apparent  increase  in  qp0,  exhibited  in  the  fol- 
lowing means  of  the  series  by  years. 


Epoch  IS'.U.I 
IS'.C.I 
1896.1 


'/., 


25.52 

•_'.Y  .->  i ; 


Circle  E 

W 

E 


the  third  year  having  less  than  hall  a-  inan\  determina- 
tions as  the  two  preceding. 

The  groups  afford  a  further  tesl  of  the  deviations,  based 
upon  i/,(.  and  they  have  been  arranged  as  follows,  in  the 
accompanying  Table  1  V. 

The   residuals   are   taken    from     the    above   yearly   means 

"1    '/„• 

Each  group  extends  over  four  hours,  so  that  the  residuals 
represent  the  mean  deviation  for  a  period  including  two 
hours  each  side;  and  an  adjustment  i-  then  necessarj  to 
give  terms  that  will  correspond  with  the  tables  preceding 
In  making  the  adjustment  the  original  groups  are  combined 
into  a  mean  result,  which  includes  the  de\  iation  of  all  the 
hours  of  right-ascension  that  ha\  e  entered  into  the  separate 
residuals. 

This  has  naturally  resulted  in  smoothing  out  the  devi- 
ation into  a  set  of  residuals  which  probably  represent  the 
material  as  closely  as  possible,  and  are  to  be  interpreted  ill 
the  sense  of  observed  systematic  errors  of  the  B.J.  decli- 
nations. 

Lick  Observatory,  University  oj  California,  1897  Jan.  14. 


NKW    VARIABLE   IX    VIBGO, 

li"'  :!!»'"  54-  .  +4°  oti'.l     (1855). 
By  ARTHUR   .1.  ROT. 


In  L895  1  found  an  8*  star  not  recorded  in  the  Bonn 
Durchmusteruna.  DM.  +40265]  precedesit  17",  0'.8  north, 
DM  •  I  2652  follows  25',  L'.l  north:  both  of  which 
are  there  recorded  as  9H.5.  1  occasionally  observed  it.  but 
did  not  until  recently  become  certain  of  its  variability.  Its 
position  for  L895.0,  from  two  observations  by  Prof.  Boss 
with  the  Meridian-Circle,  is  12h  41m  57VT7 ,  M  13'  8".l. 
In  the  following  estimates  of  the  magnitude,  it  i-  only  on 
-    1895,   July  1.  and  Dec.  13,  1896,  that   1   ted  the  un- 


certainty to  be  less  than  two-tenths  of  a  magnitude, 
roughly  estimated  it  to  be  7  on  Dr.  Chandler's 
redness. 
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PROBABLE    NEW    VARIABLE 

71'  26™  -".'.•     . 

hy  Arthur 

While  preparing  I  .  Eorthe  first  time,  the  variable 

star  2690  .V  Puppis,  on  March  I,  I  discovere  I  thai  the  star 
S  I'M       20  2007,  there  given  as  L0",  was  just  about  equal 

I'll  2015,    Which    are    8". 6    and     N\7. 

ctively.     The  difference   of   about.    Is'.. 5   between    its 

pre.-ent  brightness  and  the  B i  est i mates,  would  seem  to 

imply  variability. 

\-   I   have  i sans  of  measuring  the  star's  exact  po- 

Brooklyn,   v.  1'..  li 


INT   PUPPIS,  (S.D.M.—  20°20(>7). 

20    21'.4     (1855), 
C.   PERRY. 

sition,  it  is  possible  that  a  faint  companion  north  following 
is  _20°2007,  although  I  think  not.  as  it  appears  too  faint 
to  have  been  included  in  the  S.DM. 

Mr.  Henry.  M.  Parkhi  u-r  has  kindly  confirmed  my  esti- 
mate of  the  star's  present  brightness,  ami  funis  that  the 
difference  in  a  between  the  star  in  question  and  — 20°2009 
corresponds  with  tie-  Catalogue    /«  between  — 20°2007  and 

l'ii  2009. 
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OBSEKVATIONS  OF 


THE    FIFTH   SATELLITE   OF 

By  J.  M.  SCHAEBERLE. 


JUPITER, 


As  BARNARD'S  satellite  of  Jupiter  has  nut  been  observed 
since  1894  (see  A.J.  367)  the  following  series  of  measures 
will  furnish  desirable  daia  for  correcting  the  mean  motion 
of  the  satellite  should  no  further  oliservat  ions  be  secured 
during  the  present  unfavorable  season  at  Mt.  Hamilton. 

I  had  not  previously  attempted  to  observe  this  object,  but 
quite  readily  found  it  with  the  aid  of  Marth's  ephemeris, 
as  the  seeing  was  unusually  good,  and  the  planet  near  the 
meridian. 

During  the  first  part  of  the  night  the  telescope  was  used 
for  other  purposes,  so  that  before  I  was  able  to  commence 
observing  the  satellite  was  already  within  half  an  hour  of 
its  greatest  elongation.  This  accounts  for  the  fact  that  the 
measures  are  not  symmetrically  situated  with  reference  to 
the  stationary  point.  Marth's  ephemeris  is  still  in  good 
agreement  with  the  observed  place,  the  error  in  the  time  of 
elongation  being  less  than  four  minutes. 


Each  time  and  corresponding  distance,  given  below,  is 
the  mean  of  three  separate  Observations  made  in  (puck  suc- 
cession. 

Observations  near  Western  Elongation,  L897  fit:.  27. 


Pacific  Dist.  from  U 

Stand. Time  nearer  limb  center 


Pacific  Dist.  from  if 

Stand.  Time   nearer  limb  center 


11 

10 

21 

31.77 

54.46 

L2   lo  58 

30.96 

53.65 

51 

(i 

32.41 

55.10 

l  l  56 

30.72 

53.41 

11 

59 

6 

33.21 

55.90 

50  31 

29.25 

51.94 

12 

7 

23 

33.46 

56.15 

L2  55  33 

28.49 

51,18 

15 

18 

33.60 

56.29 

13     2  30 

27.08 

10.77 

21 

11 

33.41 

56.10 

8  23 

25.52 

IS.  L'| 

30 

58 

32.09 

54.78 

15  11 

23.63 

16.32 

12 

35 

46 

31.66 

54.35 

13  21   58 

21.47 

u.it; 

1  have  used  Barn  lrd's  equatorial  semi-diameter  of  Jupi- 
ter for  obtaining  the  values  given  in  the  last  column. 

Lick  Observatory,  University  of  California,  1K!)7  Mar.  1. 


NOTES  ON  PROPER  MOTIONS  OF  STARS  IN  ZONE  50°-55°  NORTH  DECLINATION, 

Bv  J.  G.  POUTER. 


In  the  course  of  my  investigations  of  proper  motions,  I 
have  had  occasion  to  examine  the  stars  in  the  above  zone 
to  which  motion  exceeding  0".12  is  assigned  in  the  intro- 
duction of  Rogers's  A.G.  Catalogue.  A  few  of  the  very 
large  motions  there  indicated  have  been  found  to  be  fal- 
lacious, and  since  these  may  well  mislead  observers  who 
make  use  of  the  catalogue,  I  think  it  advisable  to  call  atten- 
tion to  them.  Some  other  stars  are  added  where  the  Cincin- 
nati observations  fail  to  corroborate  the  motion  given.  The 
star-positions  are  for  1900,  and  have  been  reduced  to  the 
A.G.  system  by  Auwers's  tables. 

Rogers  2640. 


Epoch 

Fedorenko 

1790.2 

Vienna 

1859.6 

Rogers 

74.7. 

Cincinnati 

96.7 

6  44 


20.99 
21.79 
22  °8 
22.16 


+  54 


9  45.0 
36.2 
39.2 

37.6 


Obs 

1 
1 


The  motion,  +  0B.015,  assigned  by  Rogers  becomes  very 
doubtful.     More  likely  Fedorenko's  a  is  l8  too  small. 

Rogers  3181.     The  large  motion  assigned  in  a,  +  0s.  106, 

is  due  to  erroneous    precession.      Instead  of  4S.4581  read 

4-.5581. 

Rogers  3214. 

Epoch  a  8  Obs. 

Berlin  L854.0     s":;s"':;(U7     +54  16  44.5        3 

Rogers  74.2  31.09  14.3         2 

Cincinnati        94.2  31.02  42.0         3 

Rogers's  motion,  +0s.O24,  is  not  borne  out  by  the  Cin- 
cinnati observations.  It  is  impossible  to  decide  at  present 
whether  motion  exists  or  not. 


Rogers  3591.  The  precession  given  in  the  catalogue  for 
this  star  is  correct,  yet  the  large  proper  motion  assigned, 
— 0".095,  is  evidently  due  to  the  use  of  a  precession  too 
great  by  one-tenth  of  a  second  in  bringing  up  the  previous 
observations.     The  motion  is  insensible. 

Rogers  4454-5.  No.  4455  should  be  corrected  — 1'  in 
declination.  Both  Struve  and  Argelander  observed  the 
following  star,  but  these  observations  have  been  compared 
with  the  preceding  one  in  Rogers's  catalogue.  Hence  the 
erroneous  motion  — 0'.040. 


14  27  20.85     +53 
20.92 
21.20 
21.01 

The  Cincinnati  position  fails  to  corroborate  the  motion 
given. 

Rogers  4640-1.  The  two  positions  given  belong  to  the 
same  star,  which  is  not  double.  Its  large  proper  motion 
accounts  for  the  difference  in  the  two  places  which  are  sepa- 
rated in  epoch  by  ten  years. 


Rogers  454, 

>. 

Epoch 

Bonn 

1862.4 

Pulkowa 

62.5 

Rogers 

71.8 

( lincinnati 

95.7 

6.6         1 

5.4         1 

3.6 

6.0         4 

Rogers  5181. 

( >e.  Argelander 

Rogers 

Cincinnati 


Epoch 
1841.4 

7:;.<; 
94.5 


Obs 


51.14 

+51    I'll   7  1.0 

51.57 

53.8 

51.51 

53.5 

The   Cincinnati    position  does  not   substantiate  the 
tion. 
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rs  5451 . 

site  direction  from  whal  Rogers  gives.     Perhaps  Rumkee's 

Epocli 

8 

Obs. 

place  is  10"  too  great  in  declination 

Rtlmker       1847.0 

18  2  44.45     +53    13  1  1.0 

1 

Rogers  6486  7.     The  precession  given  in  the  catalogue 

Rogers             75.7 

I  1.40                     6  i 

•  > 

for  this  double  star  is  correct.     Nevertheless  the  Large  mo- 

Cincinnati      94.7 

14.33                    11.8 

.;.  i 

tion  assigned,    -0".095,  is  again  due  to  the  use  of  a  preces 

If  this  star  has  motion  it  would  seem  to  be  in  the 

oppo- 

sion one-ten  1  h  of  a  second  too  great. 

Cincinnati,  1897  Mm  eh. 


GEOGRAPHICAL    POSITION    OF    THE    OBSERVATORY 
CATHOLIC    IXIYKKSITY.  WASHINGTON,  D.C 

Bi    Rev.  G.   M.  SEAELE. 

The  latitude  and  longitude  of  this  Observatory  have  re- 
centlj  been  more  accurately  determined  by  means  of  the  po- 
sition of  a  spire  of  one  of  the  other  buildings  on  the  grounds, 
which  is  visible  from  the  new  I'.S.  Naval  Observatory. 

The  values  tor  this  point,  relatively  to  the  Naval  Observ- 
atory and  other  well-determined  points,  were  obtained  bj 
careful  triangulation,  and  kindly  furnished  bj  Prof.  II  lkob 
tress.     From    this   spire   the    position    of    the   dour    and 


OF    THE 


meridian-circle  of   this  Observatorj    were  determined   by 
triangulation  on  the  grounds,  with  the  following  result,  for 
the  dome  : 
Latitude  38   56   L4".8  .   Longitude  5"  8m  O'.OO  W.  from  Gr. 

The  circle  is  about  0".O12  to  the  wesl  of  this.  The  dome 
was  built  on  the  77th  Greenwich  meridian  as  nearly  as  pos- 
sible, by  means  of  accurate  Coast  Survey  maps,  at  an  esti- 
mated latitude  of  .'is0  56'  l.V. 


]■:  I'll  KM  KIMS    OF    D'ARREST'S    PERIODIC    < 

APPEARANCE, 


OMET    FOR    THE    COMING 


Mar. 


Apr. 


May 


111    (,.    I.KVKAC.    1/,'i 

\U  fn,     ,| 

atronotnique  fo 

Januar 

189 

">• 

Paris   Mean   .Miilni 

jht. 

IT 

n 

Daily  Motion           8         1) 

lily  Motion   Br. 

ISO- 

« 

Daily  Motion 

fi       Daily  Motion 

I3r. 

IS..", 

20 

L9 

13 

+  3 

19 

-8  52.7 

+    7.7 

Max 

29.5 

) 

0 

28 

46* 

+:;' 

23 

+  3 

14.3 

+  8.6 

22.5 

32 

32 

3 

21 

8  21.0 

8.3 

0.13 

June 

2.5 

42 

13 

.". 

19 

3 

I7.s 

8.0 

0.26 

26.5 

46 

0 

.". 

-'■'> 

7  47.0 

s.s 

6.5 

0 

.-..-> 

26 

:; 

16 

4 

is.  7 

7..". 

30.5 

20  59  36 

3 

25 

7    L0.8 

11.4 

0.15 

10.5 

1 

8 

•  >- 

3 

13 

4 

16.9 

6.6 

0.26 

3.5 

21 

L3 

19 

3 

27 

6  32.6 

9.8 

14.5 

21 

16 

.'! 

10 

7, 

12.2 

5.8 

7..-, 

27 

8 

3 

28 

.-.  52.7 

10.2 

0.17 

IS.7. 

33 

50 

3 

5 

5 

34.5 

7..1 

0.26 

1 1 .5 

11 

2 

:; 

29 

.-.  11.3 

10.6 

22.5 

4(1 

6 

3 

1 

5 

53.7 

4.3 

1 5.5 

21 

55 

0 

3 

30 

l   28.7 

10.8 

0.19 

26.5 

1 

.-»* 

6 

2 

7,7 

6 

9.6 

3.5 

0.25 

19.5 

22 

9 

.'» 

3 

31 

:;   15.1 

llo 

30.5 

o 

9 

47 

2 

52 

c, 

22.3 

.,  - 

23.5 

23 

9 

;; 

32 

3     0.8 

1  1.1 

0.21 

July 

1.7. 

21 

8 

o 

47 

6 

31.7 

1.9 

0.24 

27.5 

.".7 

17 

:; 

32 

■J  16.2 

11.2 

8.5 

32 

9 

•  < 

12 

6 

37.8 

1.1 

1.5 

22 

51 

25 

3 

32 

1   31.6 

11.1 

0.23 

I:'.:, 

12 

49 

2 

37 

6 

40.7 

+  0.2 

0.23 

5.5 

23 

5 

32 

3 

32 

•  )    17.:: 

ll.it 

l  <;..-. 

2 

53 

7 

2 

31 

6 

40.3 

-0.6 

9.5 

19 

37 

3 

31 

-0     3.6 

L0.8 

0.24 

20.5 

:; 

3 

1 

o 

25 

6 

36.6 

1.1 

0.22 

L3.5 

33 

38 

3 

:!ii 

+  ii  39.1 

10.5 

24.5 

12 

31 

o 

l!i 

6 

29.8 

2  •> 

17.7, 

23 

17 

35 

'.'• 

28 

1   20.5 

10.1 

0.25 

28.5 

21 

36 

2 

12 

6 

19.9 

3:0 

0.21 

21.5 

0 

1 

26 

3 

27 

1'       H.I 

9.7 

Aim 

1.7, 

30 

14 

2 

5 

6 

7.0 

3.7 

25.5 

0 

15 

Hi 

+  3 

25 

+2  38.4 

+    9.2 

0.26 

7>..-. 

3 

38 

25 

+1 

59 

+  5 

7.1.1 

1.7, 

0.20 

CON  T E N T S  . 

~.ii   w:    I'i.kii  BBATIONS   01     Ml  la  i  nv.    u\    Ml:.  ERIC  Dooi.it  r  I. k. 

Variations  in    mi    Declination  System  oi    i  a  i.  Berliner  Jahbbuch,   i;v   Pbof.  R.  II.  Ti  i  si  b. 

New  Variable  is  Virgo,  ky  Mr.  Arthur  .1.   Roy. 

Probable  New  Variable  in   Pi  ppis  (S.DM.     20°2007),  nv  Mb.  Arthur  C.  Pebry. 

Observations  of  the  Fifth  Satj  llite  oi    .i  i  pit]  r,   bi    Pbof.  .1.  M.  Si  baebi  kle, 

n.  i  i  -  on   Proper  Motions  oi   Stars  in  Zone  50    55     Norte   Declination,  r.v  Prof.  J.  G.   Porteb. 

Geoob  iphical  Position  oi   the  Observatory   oi    rHE  Cats I  stversity,  Washington,  D.C.,  bi    Rev.  G.  M.  Seabi.e. 

Ephemebis  of  D' Arrest's  Periodic  Comei    fob  thi    Coming   Appearance,   at    Mb.  G.   Leveau. 
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OBSERVATIONS   OF   THE   SATELLITES   OF  MARS  DURING    THE 

OPPOSITION   OF   1896, 

By  J.  M.  SCHAEBERLE. 


The  present  series  of  observations  were  made  with  the 
aid  of  a  specially  constructed  device,  which  enables  the  ob- 
server to  refer  all  his  measures  directly  to  the  center  of 
the  visible  disk  of  a  planet  near  opposition.  A  brief  de- 
scription of  this  device  will  be  necessary,  in  order  that 
some  idea  may  be  obtained  as  to  the  degree  of  accuracy 
which  should  be  assigned  to  the  present  measures. 

A  strip  of  thin  plain'  glass,  with  beveled  edges,  was 
wedged  into  a  dove-tailed  depression  cut  in  one  face  of  an 
annular  brass  ring  of  such  thickness  that,  v>  hen  the  ring  was 
fastened  to  the  eyepiece  cell  and  the  latter  screwed  into  the 
required  position,  the  face  of  the  glass  was  close  to  the 
spider-lines  in  the  principal  focal  plane.  The  glass  was 
first  flooded  with  a  solution  of  india-ink,  and  the  latter 
allowed  to  dry.  The  ring  was  then  placed  in  a  lathe  and, 
with  the  aid  of  a  pointed  tool,  a  concentric  annular  ring  of 
the  ink  surface  was  removed,*  one  edge  of  the  glass  being 
nearly  tangent  to  the  external  diameter  of  this  ring.  The 
internal  diameter  was  made  slightly  less  than  the  computed 
diameter  of  Mars's  focal  image  as  formed  by  the  36-inch 
refractor.  At  the  center  of  this  inner  disk  a  minute  circle 
of  ink  was  also  removed.  Directly  over  the  center  of  this 
minute  circle,  and  close  to  the  surface  of  the  same,  a  spider- 
line  was  stretched  approximately  at  right  angles  to  the 
edge  of  the  glass,  and  permanently  fastened  to  the  brass 
ring  with  cement  or  wax.  Several  rings  of  thin  card-board 
inserted  between  the  flange  of  the  eyepiece  cell  and  the 
sliding  plate  (into  which  the  cell  screws)  act  as  a  clamp  to 
prevent  the  cell  from  turning  after  it  has  been  set,  so  that 
the  auxiliary  spider-line  is  normal  to  the  parallel  microme- 
ter and  fixed  wires  in  the  focal  plane.     The  sliding  plate 

*  If  a  lathe  is  not  available,  a  pair  of  fine  dividers  can  be  used  to 
remove  the  circles  of  ink.  A  speck  of  card-board  glued  to  the  glass 
will  serve  as  a  support  to  keep  the  stationary  leg  of  the  dividers  from 
slipping:  the  puncture  of  this  card-board,  by  the  stationary  leg, 
forms  the  minute  central  circle.  The  annular  ring  of  clear  glass 
should  be  about  '<"  in  width:  a  greater  width  would  result  in  the  oc- 
cultation  of  Pliobos,  by  the  glass,  before  the  satellite  became  in- 
visible in  the  clear  part  of  the  field. 


(carrying  the  device)  is  next  shifted  until  the  fixed  wire  as 
seen  through  the  eyepiece  is  directly  over  the  center  of  the 
minute  circle;  the  plate  is  then  securely  (damped  to  the 
micrometer-box  for  the  remainder  of  the  night's  work. 

In  observing  Mars  only  a  narrow  annular  ring  of  light 
from  the  circumference  of  the  planet  and  the  minute  cen- 
tral circle  of  light  were  visible,  the  remainder  of  the  illumi- 
nated surface  being  occulted  by  the  circle  of  ink.  A  slight 
deviation  from  a  concentric  position  was  at  once  made 
glaringly  apparent  to  the  observer. 

On  Nov.  28  I  used  a  piece  of  red  glass  ;  on  Dec.  4  a  yel- 
luir  tinted  glass,  and  finally,  I  found  that  thin  colorless  glass 
gave  the  best  satisfaction.  This  was  used  on  Dec.  10  and 
Dec.  19. 

In  order  to  avoid  any  appreciable  errors  due  to  parallax 
(as  the  glass  plate  is  slightly  beyond  the  focal  plane)  the 
occulting  disk  should  be  in  the  center  of  the  field  of  view 
of  the  eyepiece. 

In  the  following  observations  I  have  already  applied  the 
phase-corrections,  using  the  data  given  by  Marth. 

As  the  maximum  value  of  the  error  in  position-angle, 
due  to  defective  illumination,  is  only  about  0°.0.3  for  these 
observations,  I  have  neglected  the  correction  for  phase  in 
this  coordinate.  To  the  measured  distances  the  following 
corrections  have  already  been  applied  : 

Phase-Cokrections  to  the  Measured  Distances. 


Date 

1st  Quadrant 

3d  Quadrant 

Nov.  28 

+  0.07 

-0.07 

Dec.     4 

+  0.02 

-0.02 

5 

+  0.02 

-0.02 

10 

0.00 

0.00 

19 

-0.02 

+  0.02 

Usually  the  field  of  view  (not  covered  by  the  glass  strip) 
was  bright  enough  to  show  the  wires  as  dark  lines  within 
one  or  two  diameters  of  the  planet,  and  Phobos  was  always 
observed  without  artificial  illumination  ;  as  a  rule  it  became 
invisible  before  its  distance  from  the  planet  was  as  small 

(113) 
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as  bhe  distance  of  the  nearest  poinl  of  the  edge  of  thi 
strip. 

\n  oi  casional  glance  at   the  minute  ceul  ral  i 
the  observations  are  being  made,  will  al  once  shojg  whether 
any  accidental  shifting  of  either  of  bhe  two  of  these  inter- 
secting »  ires  has  taken  place. 

The  zero  of  the  circle  was  determined  for  the  auxiliary 

wire,  and  the  latter  then   revolved  until  ii   passed  through 

tellite  when  Mars  was  rent  ral  with  the  occulting  disk. 

The  distance  was  at  once  found  1  \  taking  the  difference 


between  the  reading  on  the  satellite  and  the  leading  of  the 
coincidence  with  the  wire  passing  through  the  center  of 
i  lie  minute  circle. 

In  a  rapidly  moving  bodj    like  P hobos   it    is   evidently  an 

advantage  to  be  able  to  measure  both  coordinates  al  each 
ion.  Bach  tabulated  measure  is,  with  a  few  excep- 
tions, the  mean  of  several  observations  taken  in  rapid  suc- 
cession. The  numbeirof  observations  in  each  set  is  given 
in  the  column  headed  "No.  of  Comp."  The  magnifying 
power  for  all  observations  was  320  diameters. 


Standard 
Pacific  Time 


9    19  11 

in    6  ."'I 

Id  25  8 

Ki  57  33 

LI  24  16 

11    19  0 

1.11  0 

VI  33  33 

I.  .".I  0 

13  10  11 


13    13  17 

13  58  0 

I  1     9  30 

Ills  II 

1  I   25  2 

1  I  36  10 

llll  15 

14  .-.1  10 
I.".     I  57 

15  25  33 
15  36  -1 


1  1  59 

i:.  16 


8  20  :;:; 

s  29  23 

8  36  27 

8  16  7 

8  7.7  28 
;i  5  5 

9  12  50 
'.i  22  7,7 

11  7,i  32 

12  I  in 
12  17  22 


9  55  32 


Position 
Vngle 


No.  of 
( lomp. 


Distance 

n 

i  entei 


STo.of 
( lomp. 


Deimos.      1896  Nov.  28. 


240.70 

1 

11.74 

1 

241.50 

l 

14.00 

1 

241.14 

5 

I.YSII 

7, 

241.62 

6 

19.93 

6 

240.00 

6 

52.36 

6 

240.40 

6 

53.84 

(l 

239.73 

:i 

54.61 

3 

240.23 

3 

55.55 

3 

240.27 

3 

56  20 

3 

240.05 

3 

7,7. (»c 

3 

239. 10 

1 

58.25 

3 

57.73 

3 

- 

57.05 

3 

240.10 

1 

_ 

- 

56.97 

3 

- 

56.92 

2 

239.40 

l 

_ 

- 

56.12 

1 

54.93 

3 

240.10 

- 

_ 

- 

53.1  1 

4 

Poor  ^■■•■inii.  and 
telescope  bt»  aj 
ing  badly. 


Phobos. 
240.00 


1896  Not    28. 

22.01  !     :; 


PhoboS.  1896    Dee.    !. 


239.78 

•j 

.,.,  -,| 

3 

240.91 

3 

23.22 

3 

240.11 

3 

23.50 

3 

239.25 

3 

23.91 

3 

239.01 

3 

23.04 

:; 

238.18 

3 

22.62 

.'l 

238.28 

3 

21.70 

3 

238.40 

I 

20.1  1 

1 

61.68 

■  > 

19.25 

2 

61.9 

I 

20.67 

1 

61.28 

2 

21.20 

2 

58  15 


1896  Dec.  t. 
37.14        3 


instrument 

reverse,! 


P/io&os  in  I  si  quad- 
rani  :  obs.  inter- 
rupted, finally 
stopped  by  fog. 


Standard 
Pacific  Time 


1', i-.ii  [on 
djxgle 


\,,.  of 
( lomp. 


Distance 

from 

( lenter 


STo,  oi 
<  lomp, 


Deimos.       1896  Dee.  7,. 


K!  31  13 

L3  16  3 

I  l  :;  32 

II  li'  12 
14  22  25 
I  I  36  35 

1  I  7,1  L'u 

17,  i.-,  :,:, 

17,  22  o 


7,7.. -,7 

.", 

55.22 

:; 

57.87 

:; 

54.02 

:; 

58. 1 ," 

:; 

53.09 

:; 

58.30 

:; 

52.34 

:; 

7, 7.  SO 

:; 

51.92 

:; 

7,7.1:; 

:; 

50.25 

:; 

7,7.:; 

1 

48.45 

1 

7,7.1 

i 

L5.22 

1 

- 

ll.lli 

3 

'.I  44  7,1' 
l(t     2   10 


7  47  17 

7  7,4  13 
S  o  30 
S  s  I'll 
s  17,  52 
s  2:;  23 

8  :!1  2 
s  :-,'.)  :',:, 
s  4")  38 


9  31  17 

9   L6  22 

in    2  55 

lo  28  .".I' 


Deimos. 


8  47  8  I  oi.io 
0  1  s  j  lid. so 
>>   is   17,  :     60.43 


Phobos 


238. 
238. 


1896  Dee.  10. 

22.02  1-3     I 
23.12       4 


Fog  all  evening 

until  after  mid- 
night 


Obs.  stopped  by 
fog 


1896  Dec.  lo. 


3 

35.80 

3 

:; 

38.20 

3 

3 

40.14 

3 

Cloudy 


Stopped  bj  clouds 


Phi 

bos.  — 

L896  Dee.  lo. 

238.25 

:; 

20.47 

3 

238.08 

3 

21.37 

3 

236.75 

:; 

21.80 

:; 

236.98 

:: 

22.7,1 

:; 

236.21 

:; 

21'.  70 

:s 

235.58 

:; 

22.7,7 

:; 

235.85 

:; 

22.32 

3 

234.81 

:; 

21.87 

:: 

234.35 

:; 

20.7,0 

:: 

234.1 

i 

I'.t.  10 

:; 

- 

18.72 

."> 

- 

17.74 

•> 

L896  Dec.  L9. 


56.63 

:;      7,o. 20 

3 

56.30 

55.51 

.•; 

56.11 

7,:  ;.;,r, 

:: 

56.23 

2       52.35 

:: 

■  Whenever  daring  tie-  nighl  both  satellites  were  undei  observation  at  the  same  instant,  both  could  be  occulted  i,\  the  n  ire  passing 

through  the  center  of  the  disk. 


fThere  is  a  bright  object-glass  ul>- ,-t  just  where  Drhnos  N,  making  observations  very  ilitlieull. 
near  midnight,  when  it  cleared  for  about  half  an  hour. 

Lick  Observatory,  I  I  altfornia,  1897  March  I. 


Skj  thick  with  fog  (after  n>  p.m.)  until 
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OBSERVATIONS   OF    VARIABLE   STARS   OF   LONG    PERIOD, 

By  EDWIN    K.  SAWYER. 


KK).      TCeti. 

Only  6  scattering  observations  obtained)  L895  Sept.  21- 
L896  .Tan.  3.  At  the  first  date  it  was  =  10  r..\.  Ceti,  or 
6". 2.  Its  brightness  faded,  and  at  last  date  was  .'!  steps 
<28  U.A.Ceti  and  =  21  I'. A.  Ceti,  or  CM.9.  Mo  distinct. 
phase  observed. 

806.     oCeti. 

Observed  18  times.  1895  Jan.  2  Feb.  22.  Od  Jan.  2  it 
was  I  steps  <S.DM.  4°379.  or  8M.2.  Increase  quite  rapid 
until,  when  last  seen,  it  was  4  steps  >\  Ceti  and  =  i  Ceti, 
or  I". 4;  maximum  not  reached. 

845.     B,  Ceti. 
Observed   16    times.    1895  Jan.  14-Feb.  1(1.       .Maximum 
1895  Jan.  28.     Comparison-stars  not  yet  identified. 

893.  UCeti. 
Faint  maximum  passed  about  1895  Nov.  20  (?)  Five 
scattering  observations.  1895  Nov.  11-Dec.  16.  At  first 
date,  5  steps  <S.DM.  13°502,  or  8».6.  It  brightened  to 
8".3  on  Nov.  15.  By  Dec.  1(1  it  had  bided  .'!  steps.  No 
observations  between  Nov.  21  and  Dec.  14. 

906.     R  Trin inj ill i. 

Observed  23  times,  1S94  Dec.  22-1895  Feb.  24.  Maxi- 
mum passed  Feb.  16,  at  6M.2.  Comparison-stars  not  yet 
identified. 

1072.     p  Persei. 

Observed  13  times.  1895  Jan.  23-Mar.  16;  49  times  1S95 
Aug.  19-1896  April  15.  On  Jan.  23,  at  normal  brightness. 
From  Feb.  10  it  faded  3-4  steps,  passing  minimum  Feb.  20, 
and  rapidly  brightened  after  Feb.  23.  Aug.  19  again  nor- 
mal, remaining  unchanged    to   1896    Feb.  21,  then  faded 

3  steps,  passing    minimum  Mar.  7.      Rapid  recovery  fol- 
lowed; no  further  change  to  end  of  observations  April  15. 

2100.       UOrionis. 

Observed  20  dates,  1895  Jan.  23-Mar.  30.  At  first  date 
=  DM.  20°1168,  or  8".().  Increase  rapid  and  regular  to 
maximum  on  Feb.  25,  when  it  was  5  steps  <DM.  19°1110 
and  2  steps  >20°1156,  or  6\8.    At  last  observation,  Mar.  30, 

4  steps  <19°1106,  or  7". 2. 

2170.  SLeporis. 
Observed  on  26  dates,  1894  Nov.  19-1895  Mar.  21.  On 
first  date,  3  steps  >Gould  G.C.  7330  and  2-3  steps  <7298, 
or  7". 6.  Stationary  till  Jan.  23,  then  a  slight  increase, 
with  a  faint  and  uncertain  maximum  about  Feb.  7.  De- 
crease of  3^4  steps  after  Mar.  3.  and  then  no  change  to 
Mar.  21 . 

3493.      B  Leonis. 
Observed  13  dates,  1895  .Tan.  30-May  10.     On  first  date, 

5  steps  <DM.  12°2090,  1  step  >12°2095,  or  65,.8.     Rapid 
increase  to  bright    maximum  on  Mar.  1.     It  was    then    3 


steps  <8°230J  and  2  '■'<  steps  >13  2183,  or  5". 3.  Deerea  e 
also  rapid.  When  last  seen,  it  was  .'!  steps  <11°2108,  or 
8».l. 

3796.     U  Hydrae. 
Seven    scattering   observations,    1895   Feb.   15  Ma\    L0. 
Brightness  constant. 

4521.      R  Virginia. 

Observed  10  dates,  L895  Apr.  20   dune  II.      On  first,  date, 

5  steps  < DM.  8°2634,  or  8". 5.  Increase  rapid,  and  maxi- 
mum passed  May  27,  when  it  was  .'!  steps  >8°2619  and  .'! 
steps  <0°2648,  or  7".0.  When  last  seen  it  was  5  steps 
<8°2617  and  =  8°2616,  or  7\<i. 

is  17.  S  Virginis. 
Observed  9  dates,  1895  May  16-June  23.  On  first  date, 
5  steps  >S.D.M.  6°3839  and  1  5  steps  <5°3706,  or  6U.7. 
Maximum  apparently  passed  about  May  25,  although  the 
series  began  too  late  for  certain  determination,  the  rise  ob- 
served being  only  1-2  steps.  When  last  seen  it  was  1  step 
<6°3839  and  5  steps  >5°3713,  or  7\ 4. 

5501.     S  Serpentis. 

Observed  1(1  dates,  1895  May  16-July  11.  At  first  date. 
5  steps  < DM.  14°2868,  or  9M.0.  Maximum  reached  June 
1 3,  when  it  was  1-2  steps  >14°2866  and  4-5  steps  <  1 5°28  15, 
or  7\7.     At  last  date,  4-5  steps  <14°2866,  or  ,SM..'i. 

5667.     li  Coronae. 

At  normal  brightness  1895  Feb.  26.  After  several  minor 
fluctuations  of  2-3  steps,  it  suddenly  faded  July  18,  ami 
passed  minimum  about  July  26,  being  then  4  steps 
<DM.  2S°2460,  or  8M.3.  Rapid  recovery  after  August. 
until  on  Oct.  10  it  was  nearly  at  its  normal  brightness 
again,  or  between  32°2621  and  30°2682.  Twenty-seven 
observations  in  all. 

5758.     X  Herculis. 

Observed  on  31  dates,  1895  Apr.  16-Dec.  14.  When  firs! 
seen  it  was  near  maximum,  which  was  reached  probably 
about  May  1.  A  second  maximum,  on  Aug.  5,  was  well  de- 
termined; and  a  minimum,  June  30,  was  also  well  marked. 

5912.  gHermtlis. 
Observed  on  34  dates,  1895  April  16-Nov.  (i.  The  fluctu- 
ations during  the  year  were  within  narrow  limits.  A  faint 
maximum  was  passed  June  12,  and  a  somewhat  brighter 
one  about  Sept.  30.  The  only  minimum,  but  faintly  indi- 
cated, was  passed  about  July  30. 

6733.     R  Scuti. 
A  good  series  of  observations  was  obtained,  53  in  num- 
ber, 1895  May  16-Dec.  16.     A  bright  maximum  was  passed 
July  13,  and  a  bright  minimum  Aug.  9.      Alter    a    rapid 
recovery  a  second  bright  maximum   was  reached   Aug.  26, 
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followed  by  rapid  fall  to  a  very  faint  minimum  Oct  In. 
After  a  rapid  rise  a  very  bright    maximum    was  reached 
26. 

6794.      RLt/rae. 
Observed  on  88  dates,  1895  April  If.  1896  Jan.  II.     The 

fluctuations  during  the  year  were  somewhat  erratic,     [g 

vera]  minor  fluctuations  in  drawing  the  curves  the 

Brighton,  Mass.,  1897  /■'•/,.  22. 


following  phases  were  more  or  less  accuratelj  determined  : 
maxima,  June  ('•.  Lug.  '-'I  and  Oct.  26;  minima,  Ma\  7. 
July  :>.  Sept.  If.  and  Dec.  9. 

7754.      WCygni. 
Observed  on  :::;  dates,   1895  Ma\  13   1896  Feb.  8.     Ob- 
;   maxima,   L895  Sept.  24  and   1-896  Jan.  5;  minima, 
Julj  15  and  Nov.  25, 


ETLAR-MK  ROMETER   OBSERVATIONS  OF  COMETS 

MADE    «  I  111     I  111.    26  IN'  ll 


KIM     "I      .BANDED    M'  CORMII  K    OBS1   la    \  TOKI 

Bl    ORMOND  STONE    vm.  II     R.    MORG  W 


I     I  in     i   \i\  EUSl  n    ■■!     VIRG1  M  v. 


18961  barlottesville  M.T. 

* 

No. 
Comp. 

i 
la 

* 

fS 

ty/'s  apparent 

8 

log 

torn 

for  8 

Obs. 

1   OMJ   i 

I  L896  (Giai  obini). 

Sept. 

i'. 

lit 

12 

7 

l 

11.1 

+  o  31.79 

•  2  19.3 

17    1  1 

56.27 

-    7   7.2    ll.S 

9.638 

0.755 

s 

Comet  1889  V  -   i   1896  (Bk cs). 

Aug. 

30 

11 

:;."p 

2" 

2 

27,  .   1 

-1  50.85 

+6   11.4 

22  21 

24.83 

-19    s   10.7 

//S.17,1 

0.868 

S 

-       ' 

6 

II 

53 

58 

3 

35  .  1 

+  0  54.62 

-I)  7.2.7 

22    16 

I2.S2 

-19     2  20.4 

»s.771 

0.866 

S 

(  '"Mil 

/   1896    (l'KI.'KIM    I. 

Nov. 

7, 

- 

28 

7.1 

1 

do  .  1 

-0  13J  1 

+  3  17.6 

20   16 

13.88 

+  22   7 .2 

9.563 

0.494 

S 

7, 

!l 

1  l 

52 

0 

,/.".  .  2 

+  n  25.36 

COMEI 

+  1     9.8 
t)  1896    I'm 

20  16 

bine). 

40.72 

+  22  48  26.2 

lit ',7,0 

0.7,7:; 

s 

11 

'.i 

17 

7,1 

6 

6  .    1 

0    12.7,1 

_4  §0.6 

1  12 

2.67 

+    7,    17,    IS. 7 

'.1.27,1 

0.680 

s 

25 

'.1 

24 

16 

7 

IC  .   1 

+  4  7,0.77, 

-2    12.1 

1    7,1 

17,.  US 

-   0  10   17.. 7 

9.042 

11.7:;  1 

s 

20 

S 

ti 

i-l 

s 

32  .  1 

+  0  26.41 

+  2  33.5 

5     2 

7,7.77 

+    o     :i   7,1.2 

»S.7,71 

0.730 

S 

!l 

7 

22 

s 

13  .  8 

+  o  32.33 

+  2   16.7 

7,    ;  i 

3.69 

+    o    lo      7.1 

8.932 

0.730 

M 

30 

8 

in 

11 

•I 

7,2  .  8 

-n  41.94 

—  7  7)7.7 

7,     5 

15.09 

+  n  17,  13.7 

//S.l:i| 

0.729 

M 

10 

I' 7 

37 

'.I 

18  .  I 

-0  26.40 

-7  27.6 

7.     6 

0.63 

+  o  17,   13.8 

9.378 

0.730 

s 

Feb. 

3 

s 

30 

:;7 

11 

,/s  .  6 

+  0     2.21 

+  7.     8.3 

7,    16 

28.23 

+  o  38   12.1 

8.387 

0.727, 

M 

:•:; 

11 

2 

::i 

12 

,/2  .  2 

+  0     6.30 

-0     0.5 

6     3 

56  1  l 

+  2  12  :;:,.;, 

9.543 

0.71  1 

S 

11 

32 

i 

12 

,/l   .  1 

+0   10.22 

+  0     2.0 

6     1 

0.06 

-f-  2  12  38.0 

9.586 

0.716 

\I 

Mxin   Places  for  IS96.0  "ml  1897.0  of  Comparison- Stars. 


Red.  to 

* 

a 

app.  place 

8 

app.  place 

Authority 

I, 

s 

0 

ti 

1 

17 

1  1    21.17 

+3.01 

-   7  54 

25.0 

-   6.1 

I  |  Munich  I.  13806  +  Schj.  618] 

■, 

•>■> 

2:;   11.3] 

1  1.37 

-lit  15 

12.0 

t-19.9 

S  (Munich  11.  12495  + Cincinnati  Z.C. 

1785) 

.", 

22 

17,  4.-1.7S 

r  1.42 

19     1 

16.8 

•  19.1 

1  ,2  Radcliffe  6001  +  Munich  I+Muni< 

h  II  , 

1 

20 

16  7,1.71 

+  22  46 

24.0 

Becker,  Berlin  A.i ;.  <  latal.  7656 

7, 

20 

ic  13.08 

+  2.2S 

•  22    16 

57.9 

•  18.6 

Becker,  Berlin  A..G.Catal.  7648 

1; 

1 

12  11.01 

+  1.20 

•    0  211 

12.1 

+  27.2 

I  (Schj.  108  +  Boss,  Aibanj  A..G.  I  latal. 

353) 

7 

4 

h;  7,2.7,2 

r-1.81 

-   0     7 

:;c,y, 

+  :;.:; 

Kortazzi,  N  ikolajew 

- 

7, 

2  2:1.7,11 

'  1.86 

+   0     7 

1S.I 

{-  2.1; 

\V.  Bessel,  Zone  is 

9 

7, 

6    27,.  17, 

+  0  23 

s.s 

■    2.6 

W.  Bessel,  Zone  •"■:i 

10 

.. 

17,   21.78 

■  1.88 

+  0  29 

1:1.7 

+    2.2 

W.  Bessel,  Zone  18 

11 

.. 

16   21.11 

•    11  33 

31.4 

•      2.2 

( lomp.  with  s(tlO  by  M. 

12 

I', 

3   17.98 

+1.86 

+   2  42 

36.0 

0.0 

Micr.  com],,  with  >(c  17,  by  M. 

13 

f, 

::  35.36 

+  2  30 

56.9 

-    0.1 

Boss,  Albany  A.G.  Catal.  2041 

1  1 

6 

3  :;7>.00 

+  1.86 

1.:; 

1111 

Micr. -comp.  with  *  13  by  M. 

17, 

6 

3   11.15 

+  1.86 

+   2   lo 

53.1 

0.0 

Micr. -comp.  with  *  14  by  M. 
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The  following  corrections  have  been  applied  to  reduce  to  common  epoch  :  Sept.  6,  Comet  d,  J8  — 0".s,  for  —  2m.O;  Nov.  5,  firsl  obs., 
Ju  —0:7,1,  for  +8™.5;  Nov.  5,  second  obs.,  da  +0  .65,  for  9'".6;  Dec.  11,  J8  +18".8,  for  —18'".:;:  Jan.  25,  J8  — 0".7,  for  —:!'". 7:  Jan. 
29,  first  obs.,  J8  +0".G,  for  +2'».8;  Jan.  29,  second  obs.,  J8  +8".3,  for  +14">.6;  Jan.  80,  second  obs.,  J8  +0"..-,,  for  -  2"'.l;  Feb.  8,  J8 
— 1".6,  for  +6ra.8;     Feb.  28,  first  obs..  Jo  +()".*,  for  -f8">.3;     Feb.  28,  second  obs.,  Jo  +2".0,  for  +s.i. 


OBSEBYATIONS  OF   COMET    L896  VII    AM)  MINOB    PLANETS, 

MADE    AT   THE    SAYRE    OBSERVATORY,    SOUTH    BETHLEHEM,    PA., 

By  J.    II.  OGBURST. 


South  Bethlehem  M.T. 

* 

No. 
( lomp. 

Planet  —  ^ 
Ja         |         J§ 

Planet's 

a 

Apparent 

8 

log 

for  a 

V 

for  8 

Sappho  (80). 

Oct.  31 

Nov.    2 
(i 

8  18  56 

9  28     4 
11)  2d     9 

1 

•> 

3 

6  ,  1 
6  .  1 
1  .  5 

+  2 

+  2 

6.66 

21.56 

5.68 

-3  42.6 
-6  21.1 
-5     6.8 

1 

1 
1 

35  50.22 
34  34.40 

32  2:;.2S 

+  u  .-.i 

1  1    27 
+  10   41 

2G.2 
0.2 
18.5 

,,'.).  151 
//'.I.10S 
«7.7'.I2 

0.655 
0.638 
0.642 

L894  AZ  (387). 

Nov.    5 

6 

8 

14 

11  59  51 
11    19  51 

10  14  16 

11  45  46 

4 
5 
5 
G 

12  .  G 

8  .  6 

6  .  1 

5 

+  0 

-0 

_o 
-1 

1.90         -3  49.5 
28.30        -1      1.3 
13.58         -6  11.1 
35.11         +5  22.2 

3 

33  33.90 
32  41.81 
30  56.57 

25  27. '.(7 

-  7  47 

-  7  50 

-  7  55 

-  8     5 

14.4 

G.7 

16.9 

50.2 

//S.772 
»S.752 
»9.362 
//7.0I0 

o.sls 
o.si: 
0.911 
0.821 

Dec.  14 

7  50  4(1 

7 

7 

— 0 

Flora  (8). 
39.01     |      -2  31.1 

4 

27  29.57 

+  14  54 

25.4 

ft9.516 

0.635 

$    g  L896  i  Perbine). 

Jan.     5 
6 

7 

7  56  17 

8  14  50 
8  31   43 

8 
9 

11 

8 

8  .  12 

10 

-0 

_(l 

-0 

13.05 

49.33 
14.41 

-1  31.8 
-1   51.4 
+  2  35.7 

'' 

38  59.06 
13  27.38 

47    19.1  1 

-  0  38 

-  0  41 

-  0  41 

40.S 
56.6 
34.4 

rcS.879 

„X.G1G 
n7.957 

0.764 
0.764 
0.765 

Feb.  19 
24 
25 

Mar.    3 
4 

8  36  50 
10     1   36 
8  39  35 
8     0  46 
8  44     G 

12 
13 
14 
15 
16 

9  ,  6 

6 

4 
4  .  6 

6 

-0 

+  0 

-1 

+  0 

r. 

21. so 
1  L.68 

14.26 

25.59 

2Me(16) 
+  0  30.2 
+  2  47.4 

+  1  4r».:; 

— .'!  22.4 
-4  47.5 

10 
10 

10 
10 

27      I.I  7 
23     3.37 

17    10.75 
16  54.07 

+  9  59 
+  10  2G 
+  10  31 
+  11     2 
+  11     8 

2!l.r. 

51.:; 
51.9 
58.5 
10.3 

w9.584 
«9.160 

»9.557 
w9.471 

0.693 
0.662 
0.684 

O.GSI 
0.655 

Mean   Places 

for  1896.0  and  1S'.>7.<)  of  Comparison- Stars. 

lied,  to 

* 

a 

app.  place 

8 

app.  place 

Authority 

1 

h       n 

1   33 

39.14 

s 

+  4.42 

+n°  54  ;;'.>'<•> 

-f  29.2 

\  (2  Yarnall+ Munich  1) 

•  < 

1  32 

S.42 

+  4.42 

+  11  32  52.1 

+  29.2 

Brussels 

:; 

1  35 

24.52 

+  4.44 

+  lo  45  56.3 

+  29.0 

Weisse-JBessel  587 

1 

3  33 

24.63 

+  4.37 

-   7  43  49.0 

+  21.1 

Gould  A.C.  looo 

5 

3  33 

5.78 

\  +4.33 
I  +4.37 

-  7  49  29.4 

(  +24.0 
\    f23.9 

Gould  A.C.398S 

6 

3  26 

58.60 

+  4.48 

-  8  11  S5.6 

+  23.2 

Yarnall  1505 

7 

4  28 

3.40 

+  .-..21 

+  14  56    11.7 

+14.8 

Yarnall  1907 

8 

3  39 

40.42 

+  1.69 

-  0  37  14.8 

+  5.8 

.1  (Gould  4127 +Pnlkowa  :>:>.  542) 

9 

3  44 

15.01 

+  1.70 

_  0   lo  10.8 

+  5.0 

j  (Gottingen+ Munich.  1) 

10 

3  47 

1.85 

+  1.70 

-   0  57  51.7 

+  :,.:, 

Gould  A.C.  t283 

11 

3  48 

1.84 

+  1.71 

-   0    17   15.6 

+   5.5 

Micrometer-comparison  with  >M<) 

12 

10  27 

i';;..",.'! 

+  2.01 

+  9  50  11.5 

12  2 

p  Leon  is.  American  EpJiemeris 

13 

10  22 

16.01 

+  2.G8 

+  10  21   IG.o 

-12.1 

Weisse-Bessel  345 

14 

10  19 

35 

+  10  30  1S.7 

-12.1 

Yarnall    1  L25 

15 

10  18 

52.27 

+  2.74 

+  11     6  33.0 

-12.1 

J- (Yarnall  4417+Brussels  4327) 

16 

10  16 

25.74 

+-2.74 

+  11  13     9.7 

11.'.) 

1  ,  Varnall  4401+Brussels  1309) 
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OBSERVATIONS    OF     SUNSPOTS, 

ilADE     \  I     i  UK    BOSTON    iMilwn     OBSERVATOBY, 

Bi      I,.     0.      I  li   I  -o\       k.ND     I  .     .1.      II       M  \N-I'IK1.I). 


W.M.T. 

Groups 

Spots 

Def. 

\V.  M.T. 

r  roups 

Spots 

Def. 

x. 

s. 

Total 

s. 

s. 

Total 

Iv.i7.hm. 

\ 

s. 

N 

*' 

1       (• 

2 

1 

3 

5 

'» 

7 

fair 

1  1   23 

(i 

5 

5 

H 

l  I 

1  1 

fair 

3     0 

2 

1 

3 

5 

3 

8 

poor 

is     2 

(i 

3 

3 

n 

24 

24 

fair 

3  23 

2 

•■ 

1 

L6 

7 

23 

Eair 

is  23 

0 

2 

2 

ii 

1 

1 

pool 

1   23 

•■ 

2 

l 

23 

8 

3d 

fair 

I'd     ii 

1 

2 

3 

.> 

6 

11 

1 

7  23 

■■ 

2 

1 

1 

l. 

L6 

poor 

22     ii 

1 

•_> 

3 

21 

8 

29 

taii- 

'.i  23 

•> 

2 

1 

1 

i:; 

17 

poor 

24   23 

•  • 

0 

2 

6 

ii 

6 

pooi 

l::  23 

0 

•> 

2 

ii 

LO 

in 

fair 

29     ii 

3 

1 

4 

9 

1 

in 

taii- 

16  23 

0 

•  > 

•  > 

0 

1  1 

I  I 

|.i>or 

29  22 

.» 

2 

■  i 

11 

1 

to 

poor 

l.s  23 

1 

3 

1 

1 

16 

17 

fair 

Feb. 

1         II 

:; 

•' 

5 

26 

ii 

35 

g i 

21  22 

1 

2 

3 

13 

5 

is 

pom 

8  23 

1 

1 

•> 

1 

5 

c, 

fail' 

23  23 

1 

0 

1 

1 

(i 

1 

fair 

in     n 

i 

1 

o 

1 

6 

fair 

27  22 

1 

2 

3 

4 

13 

11 

Eair 

17  23 

i 

n 

1 

1  l 

ii 

11 

- 1 

poor 

g 1 

30  23 

ISOTJan 
2      3 

(i 

1 
3 

1 
3 

ii 
0 

i 
6 

6 

fair 

! i 

Hi     0 

1 

•> 

ii 
ii 

1 
2 

9 

5 

0 

(i 

5 

ii 

3 

3 

(i 

27 

27 

fair 

24     ii 

•> 

1 

3 

. 

2 

9 

fair 

7  23 

ii 

3 

3 

0 

37 

37 

fair 

26     ii 

••• 

2 

5 

6 

i 

L3 

poor 

8  23 

ii 

3 

3 

II 

37 

37 

1 ■ 

"7      •'  1 

3 

2 

5 

■ 

6 

L3 

fair 

11'  23 

ii 

4 

1 

0 

25 

25 

poor 

North  of  tli--  equator  1-  different  groups,  containing  a 
total  of  101  spots,  were  observed.  South,  the  numbers 
were  is  and  129  respectively.  Of  tbe  spots  having  nearlj 
symmetrical  penumbras  when  well  on  the  disc  one-  when 
on  the  limb  did  not  have  penumbra  upon  the  side  next  bo 
the  limb:  three  wanted  it  upon  the  side  removed  from  the 
limb,  while  in  lour  other  cases  it  was  wanting  upon  both 
sides  under  the  same  condition. 

In  several  eases  a  spot  was  observed  surrounded  h\  a 
narrow  annulus.  appearing  like  a  single  circular  facula.  In 
every  such  case  the  spot  was  small  and.  save  in  one  instance. 


showed  no  penumbra.  The  annulus  was  not  immediately 
contiguous  to  the  umbra  in  any  case.  The  large  spot  m 
January  was  first  seen  2d2h30ra  W.M.T.  It  then  appeared 
as  a  very  narrow  umbra  with  penumbra  upon  the  east  side 
oulv.  In  the  notes  the  remark  occurs,  "  Looks  like  a  de- 
pression." At  1  I'1  22h  .">n"'  it  was  last  seen  upon  the  west- 
ern limb.  Its  reappearance  was  first  observed  29d  --''.  and 
the  same  note  was  made  as  upon  Jan.  2  concerning  the  pe- 
numbra and  apparent  depression.  This  note  was  not  made 
concerning  any  other  spot  when  upon  the  limb. 


OBSERVATIONS  OF  V 

By  W".  E. 
•_".i  I.  Ill  'assiopeae. 
This  stai  was  observed  eleven  timet;,  between  L896  dune 
in.  when  it  was  below-  9*.5,  and  1896  Oct.  24,  when  same 
magnitude  was  reached  again,  indicating  a  maximum  of 
8  3  on  Lug.  L5.  owing,  perhaps,  to  the  fact  that  the 
value  of  my  light-step  is  only  about  a  third  that  of  Mr.  J.  A. 
I'akkhi  kst's,  ni\  maximum  seems  to  be  more  definitely 
marked  than  his  I  l.<7".  397),  and  will  permit  of  but  little 
latitude  from  the  date  assigned. 

281 5.     V  Geminorum. 
\  maximum  is  indicated  for  189(3  Dee.  1.5,  by  the  follow- 
ing observations.      Magnitudes   as   usual    on    Baxendkll's 
scale. 


1896  Nov.  30.50 
30.94 


t0.5> 
9.6 


1896  Dec.  L.94 


9.2 
11.2 


TRIABLE   STARS,— No.  4, 

SPERKA. 

4521.  R  Virginis. 
Forty  observations,  from  1896  Feb.  11  to  1896  Aug.  24, 
indicate  a  well-defined  maximum  for  1896  March  1  .">..">.  at 
6".4.  A  minimum  for  1896  May  I'd.  at  L0»9.  \nother 
maximum  for  Aug.  6,  at  6".l.  The  last  maximum-curve 
was  quite  flat. 

181  ii.      V  Virginia. 
Bight  observations  of  this  star,  between    18%  May  '_".i 
and   1896  duly  10,  indicate  the  maximum   for  June  17.  at 
8*.7.     The  brightness  of  the  star  at  the  limiting  date-  was 
9*.2  and  8  .'.i.  respectively. 

7085.     ET-Cygni. 
A  series  of  nineteen  observations,  extending  from  1896 
May  29  to  1896  Aug.  28,  indicate  a  maximum  for  duly  8.0, 
at  liv.i.     At  first  observation  the  star.was  of  9".5,andat 
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last  9M.l.     Another  series  of  seventeen  observations,  from 
L896  No\ .  30  bo  1897  Mar.  6,  \  ield  as  the  time  of  maximum 

1S1I7  Jan.  10.0.      Magnitude  at    limiting  dates   same  as   in 
preceding  maximum. 

6636.      V  Sagittarii. 
I  observed  this  star  forty-six  times,  between  L 896  June 
27  ami  1896  Nov.  I.     Following  are  the  results. 


Maxima 

Obs. 

Minima 

896  dune  30.54 

:; 

IS!  II 

dune  27.93 

July  26.66 

2 

July  L1.15 

Aug.     2.93 

3 

17.93 

30.17 

4 

V  ii—.     6.99 

Sept.     5.96 

3 

Sept.     3.27 

Oct.      9.38 

4 

10.13 

23.56 

2 

Oct.      7.01 

Obs. 


7 1  L'4.     ,;  Aquilae. 
Thirty -nine  naked-eye  observations,   between   L896  July 
12  and  1896  Nov.  9,  yield  results  as  follows: 
Randolph,  Ohio,  1897  March  11. 


\l   \  X1MA 

L896  Jul]  31.48 
\u:;.  29.15 
Sepl 
Oct. 


Nov. 


O.OV 

3.90 

25.43 

1 ,69 


Minima 

L896  Aug. 

Sept. 

Oct. 


5.98 
3.66 

10.09 
8.97 

30.01 


Obs. 

: 


7  137.     A  (  'ygni. 
Fifty-seven  observations  of  this  star,  from  1896  Maj  31 
to  1896  Dec.  6,  yield  results  below.     Several  breaks  occur 

ill  the  series. 


Maxima 

Mag. 

wt.. 

Minima 

MaK. 

wt 

896  June    2.1 

6.3 

i 

IV.  II 

dune   11.4 

6.8 

1 

19.;; 

6.2 

1 

28.7 

6.8 

1 

Aug.     7.0 

6.2 

I 

July    L5.0 

6.7 

1 

23.9 

6.1 

1 

Aug.     1.5 

17.0 

Nov.     6.5 

0.7 
6.9 
6.9 

1 

T 

8598.     UPegasi. 

1896  Oct.  3;  ten  observations,  from  1L"1  41"'  to  10"  21" 
yield  as  the  time  of  maximum  15''  2m,  Gr.  M.T. 

1890  Oct.  4;  six  observations,  from  1  L'h  54™  to  l.V'  18" 
indicate  the  time  of  maximum  as  13h  do1",  Gr.  ALT. 


NOTE  OX  THE  DOUBLE  STAR  p  VELOBUM  (RUSSELL  155), 

.1.   SEE. 


By  T.   .1 

Iii  discussing  our  accumulated  observations  of  double 
stars.  I  find  from  the  Sydney  Observations,  which  have  just 
come  to  hand  but  which  were  previously  inaccessible  in 
this  part  of  the  earth,  that  we  were  anticipated  in  the  dis- 
covery of  fi  Velorum  by  Air.  Russell  of  Sydney.  He  first 
saw  the  companion  1880  April  26;  the  only  measure  here- 
tofore secured,  so  far  as  I  can  discover,  is 


t 


.81 


1// 


1880.325  5°.5 

Our  measures  give 
Lowell  Observatory,   City  of  Mexico,   1897  March  1 


llussell 


1897.059 


62°.' 


P.. 
".52 


In 


See 


Assuming  that  there  is  no  typographical  error  in  the 
angle  given,  in  the  Sydney  Observations,  it  is  clear  that  we 
have  here  a  case  of  rapid  direct  motion ;  a  change  of  57°. 2 
in  16.72  years  implies  a  period  of  not  far  from  a  century. 
But  the  orbit  may  be  very  eccentric,  and  hence  this  is  only 
a  rough  estimate.  The  object  deserves  measurement  an- 
nually, as  the  motion  will  soon  lead  to  an  approximate 
determination  of  the  orbit. 


OX    THE   MAGNITUDE   OF   THE   VARIABLE    STAR   v  CARINA E  IN    1897, 

By  T.  ,1.  J.  SEE. 
During  our  recent  survey  of  the  double  stars  in  the  great 
nebula  and  (duster  surrounding  rj  Carinae,  I  took  occasion 


to  make  careful  estimates  of  the  magnitude  of  this  remark- 
able variable.  The  object  has  Keen  compared  with  the 
most  convenient  of  the  stars  given  for  this  purpose  in  the 
Uranometria  Argentina,  viz :  L.  4448,  L.  4451,  G.  1332, 
B.  3204,  B.  3202.  In  this  wa\  we  have  obtained  the  values 
opposite  which  may  he  id'  interest  to  astronomers  occupied 
with  the  study  of  variable  stars. 

The  color  is  distinctly  reddish,  perhaps  a.  shade  deeper 
than  that    of    the    neighboring  star.   A.O.C  I  17L'."..  which 


Gould  calls  crimson.  The  color  seemed  to  be  substantially 
identical  with  that  of  the  larger  component  of  the  double 
star  A. (i.O.  1  1686. 


1897  .March     7 

7.00 

S 

7.O.. 

12 

7.54 

13 

7.03 

14 

7.60 

1S97  March  10.8      7. On 
rvatory,  City  <>f  Mexico,  1897  March  15. 
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EPHEMERIS  OF  COMET    L896  VII. 

Bl    F.    RISTENPART. 
Continued  from  pag 


1897 

A,,,..,, 

M'l 

,.  8 

ki 

Br. 

L897 

App.a 

\ 

PP.  8 

log  A 

Br. 

Berlin  V.I 

ii      in 

0 

Berlin  M.T. 

1l           111 

Mar.  28.5 

7    L0      1 

+  5 

l.'.i 

0.1586 

0.012 

Ipi 

17.7. 

,    17     3 

+  ; 

25. 1 

0.254  l 

0.001 

30.5 

13   is 

6.3 

19.5 

50  39 

25.2 

Apr.     L.5 

17  34 

L0.3 

i  r89 

.011 

21.5 

54    [5 

24.5 

.2719 

,006 

3.5 

21    20 

13.9 

23.5 

7   7,7    19 

23.4 

5.5 

25     1 

17  0 

.19S7 

nli» 

25.5 

8     1   21' 

21.9 

,2889 

.005 

7.:. 

28   17 

I'.i  6 

27.5 

l  54 

19.9 

9.5 

32  28 

21.1 

.2179 

.009 

29.5 

8  25 

17.7, 

.3054 

.005 

L1.5 

36     '.» 

23.3 

Mn.N 

1.5 

11   55 

1  1.7 

13.5 

.",•.1    18 

24.5 

0.2364 

0.008 

3.5 

8  15  25 

+  . 

,   1 1 .5 

0.3213 

0.004 

L5.5 

7    13  26 

+  .-. 

25.2 

THE   COMPANION   OF   SUMS. 

Bi    II.  S.   PRITCHETT. 
on    March  20   1   observed  the  companion    of  Sirius  with  the  12-J-inch  equatorial    of   the   Morrison  ol.servu.ton 
The  night   was  one  of  the  finesl    I   have  ever  seen  in   this   climate,  and   the  companion  was  seen  by  my  father  and 
myself.     A   mean  of  three  settings  of  bhe  micrometer  gave 


=    L95 


Washington   University,  1891  March  26. 


s  (estimated)   =  .">.!". 


COMETS   OF   THE    VKAl;    L896. 

The  dates  are  in  Greenwich  Mean  Time  and  the  Elements  only  approximate. 


Designation 

Perihelion 

So 

«     . 

i 

9 

c 

Discoverer 

Date 

Synonym 

I 

1896  Jan.  31.84 

•jus  ;,l 

358  32 

17,7,    17, 

0.5876 

Perrine 

Feb.   15 

a  L896 

11 

Mar.  19.3 

209    19 

201    13 

1  1    I'll 

1.7382 

:;;;  is 

Javelle 

Sept.  26 

I,  1895 

Faye's 

111 

Apr.    L7.65 

17s  16 

1    II 

55  34 

0.5664 

Swift 

Apr.    13 

/,  1896 

IV 

•  liih   L0.94 

17,1      2 

11      2 

ss  26 

1.1427. 

Sperra 

Aug.  31 

e  1896 

V 

Oct.   25.99 

L92     6 

139  29 

1  1  33 

t.4816 

41      6 

( Hacobini 

Sept.    4 

d  1896 

Periodic 

VI 

Nov.     1.16 

is     1 

343   is 

6     4 

1.9592 

28     i ' 

Javelle 

June  20 

<■  L896 

L889V 

VII 

v.     24.60 

iMc  :;.-, 

163   52 

13  :;'.» 

L.1098 

Ii'  38 

Perrine 

Dec.     8 

,,  1896 

Periodic 

L897  Feb.     8.1  1 

86   is 

172   L'l 

146     8 

1.0623 

Perrine 

Nov.     2 

/•  1896 

Two  objects  30'  apart,  i    easl  of  sun.  were  apparently  seen  bj  Swn  r  1896  Sept.  20,  and  suspected  by  him  to  l»-  cometary.     Thej  were 
unsuccessful!]  searched  for  bj  lit  ssey  and  Perrine  on  Sept,  21,  and  on  several  dates  thereafter. 
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THE   OKBIT   OF   F. 70  OPHIUCHI, 


By  ERIC   DOOLITTLE. 


The  object  of  the  following  investigation  has  been  to 
ascertain  the  elements  of  this  orbit  which  result  from  a 
least-square  solution  based  on  both  angles  and  distances. 
Dr.  T.  J.  J.  See  has  pointed  out  that  the  results  from  the 
rigorous  discussion  of  Dr.  Schub,  which  were  obtained  from 
the  position-angles  only,  violate  inadmissibly  the  observed 
distances,  while  the  orbit  obtained  by  Dr.  See,  which  best 
represents  the  distances,  is  subject  to  similar  perturbations 
in  angle.  Both  orbits  also  are  greatly  in  error  in  repre- 
senting the  position-angles  of  the  past  four  or  five  years. 

It  was  therefore  scarcely  hoped  that  the  following  in- 
vestigation would  lead  to  an  orbit  which,  without  the 
assumption  of  a  disturbing  body,  would  account  for  the 
observed  motion.  Being,  however,  based  upon  the  same 
data  as  the  orbit  obtained  by  graphical  methods  by  Dr.  See, 
it  appears  of  importance  to  compare  the  two  orbits,  and  to 
select  one  of  them  as  a  basis  for  determining  the  probable 
motion  of  the  unseen  body. 

The  comparison  shows  that,  though  the  two  sets  of 
elements  differ  considerably,  the  residuals  in  angle  and  dis- 
tance from  the  two  orbits  are  nearly  the  same  until  the 
year  1883,  or  during  a  period  of  over  one  hundred  years. 
This  remarkable  agreement  of  the  residuals  for  so  long  a 
time  cannot  be  construed  to  indicate  that  the  orbits  pub- 
lished by  Dr.  See  are  liable  to  much  uncertainty,  because 
in  this  case  both  orbits  fail  to  represent  the  motion  ob- 
served, and  also  because  after  the  year  1883  the  two  sets 
of  residuals  rapidly  begin  to  differ,  those  of  Dr.  See  in- 
creasing to  seven  degrees,  and  those  of  the  orbit  here  pub- 
lished remaining  nearly  zero. 

The  first  step  of  the  following  investigation  was  to 
substitute  the  coordinates  x  =  p  cos  8,  y  =  p  sin  8,  in 
the  equation  of  the  apparent  orbit, 

.b  -  +  'lllxii  +  By*  +  2Gx  +  IFy  +  1=0 

The  annual  means  formed  by  Dr.  See  were  in  general 
used,  but  in  some  cases  half-yearly  means  were  formed. 
There  resulted  one  hundred  and  twelve  equations  of  con- 


dition which  were  solved  for  the  five  coefficients,  A,  II ,  /•', 
etc.  The  residuals  arising  from  the  solution  clearly  indi- 
cated systematic  errors  from  some  source,  and  when  the 
elements  were  obtained  by  the  method  of  Kowai.sky,* 
(Dr.  See's  Evolution  of  the  Stellar  Systems,  p.  49),  similar 
residuals  appeared  in  6  and  p. 

These  elements  were  the  following : 


e  =  0.5001 

i  =  56°.  65 

ft    =  126°.44 

P  =  88.681  yrs 

A  =  166°.22 

T  =   1895.51 

a    =   4".52SS 

As  the  residuals  which  resulted  were  inadmissible,  the 
individual  observations  were  next  weighted  and  combined 
into  sixteen  normal  places,  by  the  formula, 

B  or  P  =  a  +  (it  +  yt2 
The  differential  corrections  to  the  elements  were  deter- 
mined from  these  normal  places  by  the  usual  methods.    The 
results  are  as  follows,  the  elements  of  Dr.  See  being  written 
also  for  comparison  : 


Elements 
0.4998 
126°.05 
166°.58 


P  = 

T  = 


56°.72 

86.6660 

1895.517 


a  ==  4".5227 
See's  Elemi 


0.500 
125°.'; 
161°.i 


i  =   5S    12 
P  =  88.3954 
T  =  1896.4661 


=  4".548 


*The  Period  and  Perlastron  Passage  were  obtained  from  the  geo- 
metrical  elements  by  a  solution  of  112  equations  of  the  form 

JT  =  x.  AM  +  M.  Jx 
in  which     JJ'andJ.r     are  corrections  to  assumed  values  of    T    and 
-  respectively,  and    AH    is  the  difference  between  the  values  of    M 
computed  from  the  observed     0's,    and  from  the  assumed  value-  of 

,,      and      T. 
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The  residuals  from  the  two  sets  of  elements  are  given  in 
the  table  below,  where  0,  and  p,  refer  to  Dr.  See's 
orbit. 

It  will  be  observed  that  the  residuals  in  distance  are.  on 

the  whole,  smaller  than  those  obtained  by  the  graphical 

method,  though   the  difference   is   slight.     The   residuals 

Jiout  are  strikingly  similar,  especially  from   L834  bo 

L883j  the  new  orbit,  however,  satisfies  well  the  observations 


of  the  pasl  ten  years.     It  is  probabbj  aol  unreasonable  to 
conclude  thai  a  direct   reduction  of  the  material  which  is 

Mr  In    the  method-,   of    least-Squares  Will    aol    lead    to 

results  which  are  free  Prom  systematic  errors. 

It  may  be  remarked  that   if   the   new  orbit  is  used  in    the 
action  of  Curve  .1.  of  Dr.  See's  article  (Astronomical 
Journal,  no.  363),  the  period  of  the  disturbing  body  will  be 
increased  by  a  small  amount. 


Pale 

do-e. 

6o-0 

Pu-P. 

Po—P 

Date 

6,,-e. 

e.,-9 

Po-P. 

P..  —  P 

1779.77 

S.I 

7  - 

L857.52 

0.0 

-0.1 

1    OH.", 

t  0,01 

17M.71 

+  4.4 

+  4.:. 

(1.1 1 

6.12 

L858.39 

-1.1 

-O.O 

0.10 

-0.19 

L802.34 

+  0.7 

+4.2 

L859.66 

-0.4 

-0.5 

hO.18 

+  0.14 

L804.42 

3.2 

2.8 

1860.70 

—o.;; 

o.:. 

t  o.lo 

+  0.;;.-, 

L819.64 

+5.1 

+5.1 

IS0 1.07 

-0.5 

-o.7 

0.1 1 

-0.1S 

1820.77 

+0.8 

+  0.4 

L862.59 

o.o 

o.l 

+  0.00 

+  0.03 

1821.74 

+2.7 

+2.1 

is,;;;.;,  | 

+  0.2 

o.l 

+  0.01 

-0.06 

L822.42 

+  -2M 

+  1.4 

+  0.72 

+  0..-.7 

L864.54 

+  O.S 

+  0.1 

0.00 

-0.10 

1822.64 

+  1.7 

+  1.1 

L865.50 

+  0.2 

0.0 

0.0;; 

-0.08 

L825.56 

•  2  5 

-6.37 

-6.35 

1866.43 

+  0.., 

+  o.;; 

+  0.11 

+  0.01 

1827.02 

+2.8 

+  1.0 

0.28 

0.30 

1867.50 

+  o.| 

+  0.4 

+  0.14 

+  0.O8 

L828.71 

+  0.7 

-0.2 

-0.22 

-0.26 

1868.65 

+1.3 

+  1.1 

+0.05 

0.00 

1829.59 

+0.4 

-0.6 

0.15 

0.16 

1869.80 

+1.3 

+  1.2 

0.03 

-0.07 

1830.57 

0.0 

-0.7 

+0.24 

+  0.22 

L870.51 

-0.4 

0.3 

O.l  IS 

-0.11 

1831.58 

-0.4 

-1.2 

+0.36 

+  o.:;:; 

1871.56 

+  i.;; 

+  1.2 

.0.03 

-0.07 

1832.62 

-0.8 

-1.3 

+0.08 

+0.06 

L872.51 

+  1.4 

+  1.1 

-0.01 

-0.05 

is:;;;  12 

-0.3 

l  2 

+0.34 

+0.34 

1873.56 

+  0.4 

O.o 

0.00 

-O.o., 

1834.55 

-1.2 

-1.5 

+  0.12 

+  0.00 

1874.01 

+  2.7 

+  2.;; 

+  0.01 

-0.0.3 

1835.60 

-0.2 

-0.4 

+  O.H7 

+0.04 

1875.61 

+  1.7 

+ 1 .5 

-0.04 

0.00 

L836.52 

-1.1 

-1.4 

+  0.20 

+0.16 

1876.57 

+ 1 .5 

+  1.2 

+  0.07 

+  0.02 

1837.64 

-1.0 

-1.2 

+  H.21 

+  o.is 

1S77.0O 

+  1.8 

+  1.7 

+0.02 

-o.ol 

L838.59 

-1.4 

-l.s 

+0.32 

+0.29 

1S7S.58 

+  2.o 

+  2  2 

+  0.03 

+  0.01 

L839.58 

-1..-. 

u; 

+0.25 

+0.23 

1879.57 

+2.3 

+2ll 

+  0.12 

+  0.0S 

1840.47 

+0.3 

+  0.1 

-0.09 

-0.10 

L880.59 

+  2.0 

+  1.S 

o.ol 

-0.03 

1841.64 

-1.1 

-1.4 

+  11.10 

+  0.08 

L881.56 

+  3.9 

+3.9 

+0.06 

+  0.01 

1842.57 

-0.5 

-0.0 

-0.01 

-0.02 

1  SSI'. CO 

+  3.3 

+3.6 

+0.16 

+  0.1  1 

L842.60 

-O.s 

-0.0 

+  0.20 

+  0.17 

1883.62 

+2.4 

+  2.8 

+  0.11 

+  O.09 

L843.55 

-1.3 

-1.3 

-0.06 

-0.08 

1884.56 

+  2.0 

+  2,1 

+  0.07 

+  0.07 

1844.44 

-1.4 

-1.4 

+0.01 

0.00 

L885.61 

+  0.7 

+  1.8 

+  0.01' 

+  O.01 

L845.48 

-0.9 

-1.1 

-0.03 

-0.04 

L886.61 

-0.9 

+  0.7 

-0.07 

-O.ol 

1846.46 

-1.6 

-1.7 

+  0.117 

+0.05 

I  887.68 

-l.o 

+  0.6 

-0.00 

-0.07 

1847.47 

-1.0 

-1.2 

+  0.16 

+  0.13 

L888.62 

-2.1 

-0.1 

+  0.07 

+  0.06 

1848.38 

-1.0 

-1.3 

+0.13 

+0.09 

1889.53 

2.;; 

+  0.0 

0.01 

0.00 

1849.39 

0.3 

-0.5 

-0.03 

-0.01 

1 S0O.. ".7 

-2.4 

+  0.6 

+  0.01 

II. III! 

1850.55 

-1.0 

-1.1 

+0.13 

+  0.1O 

1891.59 

-3.6 

-0.4 

-0.02 

+  0.01 

1 85 1 .5 1 

-1.0 

-1.3 

-0.04 

-0.06 

1892.52 

-3.5 

+0.8 

-0.0.-, 

-0.01 

L852.69 

-0.6 

-0.7 

0.00 

-0.02 

1893.62 

2.3 

+  1.0 

-0.10 

-0.05 

L853.57 

+  0.1 

+  0.1 

-o.il 

-0.13 

L894.69 

l.s 

+  0..-. 

0.0;; 

+  0.01 

1854.48 

0.7 

-0.8 

-0.11 

-0.13 

-7.0 

-0.2 

—0.09 

-0.05 

1855.52 

+  0.3 

+0.2 

+0.04 

+  0.01 

L895.64 

-5.6 

-o.l 

-0.12 

-0.06 

L856.43 

-0.4 

-0.6 

0.00 

-0.04 

L896.62 

-4.0 

+  0..-, 

-0.16 

+  0.00 

Flower  Observatory,  1897  March  25. 
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Except  when  specially  mentioned,  all  the  determinations 
of  maxima  and  minima  in  these  Notes  ha  in,  1 


from  the  formula     T  =  q^/  T>,    in  which  T  represents  the 
time  from   the  maximum   or  minimum  in   days,  and  1>  the 
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r  ii  E    ast  RONOM  lev  i,    ,ior  i;  x  a  L. 


123 


difference  in  brightness  in  thousandths  of  a  magnitude. 
The  values  of  the  factors  q  and  q',  before  and  after  the 
maximum,  are  obtained  from  the  nearest  five  consecutive 
observations;  and  the  formula  assumes  that  the  portion  of 
each  quadrant  of  the  light-curve,  so  far  as  used  in  the  com- 
putation, varies  inappreciably  from  a  parabola,  the  foci  of 
the  two  quadrants  usually  differing.  With  q  and  q'  thus 
obtained,  being  the  most  exact  determination  the  obser- 
vations will  afford,  the  time  of  the  maximum  is  obtained 
from  the  nearest  three  consecutive  observations;  the  near 
est  observation  furnishing  the  approximate  maximum 
brightness,  and  the  time  being  interpolated  between  the 
other  two.  So  far  as  practicable,  errors  of  observation  and 
temporary  irregularities  of  the  light-curve  are  smoothed 
out  by  successively  interpolating,  between  the  observations, 
points  in  new  light-curves,  applying  a  correction  for  curva- 
ture. Near  the  maximum  this  correction  is  subtracted, 
making  the  interpolated  magnitudes  brighter  than  the 
chord,  and  near  the  minimum  it  is  added,  making  the  inter- 
polated magnitudes  fainter  than  the  chord.  (See  my  memoir 
in  B.C.  O.  Annals,  XXIX,  124.) 


The  correction  required  in  smoothing  the  curve  is     >//'-. 

I  bring  one-hall'  the  interval.  For  a  first  approximation  <■/ 
may  be  taken  from  the  following  Table  of  Factors,  [f 
wholly  unknown,  </  may  be  assumed  to  be  0.7.  In  obser- 
vation it,  should  be  borne  in  mind  that  the  smaller  the 
value  of  </.  the  more  frequent  the  observations  must 
be  in  order  to  avoid  appreciable  inaccuracy  in  interpola- 
tion. 

When  the  light-curve  is  observed  onlj  on  one  side'  of  the 
maximum,  or  when  the  minimum  is  too  taint  for  observa 
tion,  an  approximation  can  be  obtained  by  the  snbtangent 
method,  based  upon  the  principle  that  the  subtangent  of  a 

parabola  is  bisected  at  the  vertex.  From  three  consecutive 
smoothed  observations  on  one  side  of  the  vertex,  or  from 
two  consecutive  observations  on  each  side,  two  tangents 
can  be  obtained;  and  the  two  subtangents  may  be  made  to 
coincide  at  the  vertex  by  an  equation  too  simple  to  need 
explanation.  Or,  if  the  extreme  brightness  is  known,  this 
may  be  combined  with  a  single  tangent  by  a  simple  equa- 
tion. 


Tab i,k  of 

Factoks  I'oi; 

Maxi.ua. 

Star 

Factors 

Star 

Factors 

Star 

Factors 

Star 

Factors 

Star 

Factors     Star 

Factors 

103 

0.67 

0.93 

1800 

3.0 

3.0 

3264 

0.59 

0.63 

5438 

1.00 

0.65 

00OO 

1.22 

1.36 

7455 

0.55 

0.42 

107 

1.0 

1.0 

1803 

2.1 

2.0 

3425 

0.86 

0.70 

5494 

0.94 

0.91 

6903 

0.41 

0.36 

7458 

0.90 

1.10 

112 

0.90 

0.50 

1805 

0.63 

0.95 

3477 

0.30 

0.38 

5501 

0.80 

0.40 

6905 

0.30 

0.36 

7468 

0.71 

0.37 

114 

0.69 

0.32 

1923 

1.6 

1.6 

3493 

0.81 

0.80 

5511 

0.83 

0.64 

6921 

0.02 

0.97 

7560 

0.69 

0.52 

434 

2.1 

2.1 

1944 

0.29 

0.36 

3567 

0.18 

0.54 

5583 

0.70 

0.70 

6923 

0.35 

0.35 

7571 

0.39 

0.27 

466 

0.63 

0.73 

2100 

0.66 

0.63 

3881 

1.25 

0.80 

5617 

0.50 

0.70 

7045 

1.12 

0.81 

7577 

1.10 

0.05 

513 

0.51 

0.48 

2266 

0.40 

0.49 

3994 

0.45 

0.58 

5675 

0.87 

0.81 

7085 

0.69 

0.68 

7590 

0.50 

0.45 

715 

0.25 

0.56 

2478 

1.42 

0.86 

4315 

0.28 

0.20 

5677 

0.84 

0.85 

7106 

0.4 

1.0 

7659 

0.59 

0.47 

782 

0.72 

1.18 

2528 

0.26 

0.37 

1407 

0.57 

0.44 

57D4 

0.85 

0.85 

7118 

0.37 

0.37 

7733 

0.46 

0.65 

806 

0.30 

0.38 

2539 

1.05 

1.28 

4492 

0.75 

1.88 

5761 

0.14 

0.14 

7120 

0.60 

0.65 

7909 

0.47 

0.61 

845 

0.19 

0.28 

2625 

0.72 

0.90 

4596 

0.60 

1.00 

5830 

0.40 

1.10 

7155 

0.51 

0.71 

8068 

0.67 

0.88 

(857) 

0.12 

0.11 

2684 

1.29 

1.23 

4816 

1.10 

1.30 

5831 

0.78 

0.78 

7192 

0.02 

0.56 

8153 

1.2 

1.2 

893 

0.38 

0.39 

2691 

2.6 

2.6 

4847 

0.41 

0.53 

5931 

1.1 

1.1 

7220 

1.3 

1.4 

8230 

0.60 

0.8S 

906 

0.54 

0.46 

2742 

0.70 

0.50 

4948 

1.08 

0.63 

5950 

0.87 

0.81 

7234 

1.18 

1.54 

8373 

0.70 

0.48 

976 

2, 

3. 

2780 

1.24 

1.25 

5037 

1.64 

1.33 

6044 

0.62 

0.54 

7242 

1.00 

1.20 

8512 

0.13 

0.13 

1113 

1.31 

1.53 

2946 

0.26 

0.33 

5070 

0.82 

0.82 

6512 

0.71 

0.51 

7252 

0.45 

0.44 

8597 

0.50 

0.60 

1222 

0.90 

1.10 

2976 

1.06 

0.70 

5174 

0.77 

0.42 

66X2 

0.42 

0.74 

7200 

0.53 

0.62 

8600 

0.39 

0.29 

1577 

0.80 

0.67 

3060 

0.74 

1.10 

5194 

1.13 

1.24 

6849 

0.47 

0.65 

7261 

0.60 

0.61 

1582 

0.67 

0.36 

3170 

1.0 

1.0 

5237 

0.57 

0.61 

6888 

1.10 

0.63 

7431 

0.55 

0.62 

1717 

0.46 

0.68 

3184 

0.84 

0.83 

5338 

0.94 

1.28 

6S94 

0.57 

0.83 

7444 

0.40 

0.70 

Table  of  Factors  for  Minima. 


Star 
103 
107 
782 
806 
so:: 


Factors 

Star 

2.1    2.1 

906 

0.97  1.69 

976 

0.54  0.84 

1222 

1.6   1.6 

1717 

0.80  0.90 

1771 

1.2 

1.10 

1.35 

1.1 
1.5 


ors 

Star 

1.2 

2735 

1.13 

3186 

1.35 

3477 

1.2 

4160 

2.1 

5194 

1.30 
1.6 

1.08 
0.45 
1.74 


ors 

Star 

0.70 

5237 

1.5 

5338 

1.15 

6207 

0.60 

6682 

2.52 

6849 

0.98 
0.94 
0.73 
0.90 
1.10 


ors 

Star 

0.80 

7045 

0.68 

7085 

0.88 

7100 

1.50 

7120 

0.70 

7260 

2.0 

0.70 

0.7 

1.8 

0.80 


ors 

Star 

1.1 

8068 

0.79 

8373 

0.7 

S512 

1.3 

8600 

0.75 

Factors 
1.35     1.40 
1.82     0.88 
0.60     0.70 
0.53     0.28 


In  the  following  table,  four  additional  columns  have  been 
introduced,  showing  for  each  observed  maximum  or  mini- 
mum, first,  the  magnitude  derived  from  the  smoothed 
curves  ;  then  the  two  factors  obtained  from  that  curve ; 
and  finally,  the  interval  of  time  in  days  included  in  the  five 


observations  from  which  the  factors  were  obtained.  The 
factors  change  materially  for  different  intervals  of  time, 
especially  when  the  intervals  exceed  ten  days ;  and  it  will 
probably  be  found  that  there  is  a  material  change  at  differ- 
ent maxima  for  the  same   intervals.     By  comparison   of 
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these  factors  in  different  years,  we  may  Irani  with  ini 

i-tainty  the  exact  form  oi  the  crest  of  the  light-curve, 
and  its  fluctuations. 

In  the  tab  0    ervatious,  thoge  derived 

from  the  observations  of  Mr.  Pebri  will  hereafter  be  indi- 
cated, cated,  by  a  small 
which   will  be  placed   in   the   column   of   weights.     The 
weights  are  assigned  in  the  same  manner  with  mj  own,  ex- 


cepting that  my  own  weights  5  to  9  indicate  photometric 
observations,  usually  four  extinctions  of  the  variable  upon 
each  date,  together  with  6  to  16  extinctions  of  comparison- 
stars. 

In  the  same  table,  'lutes  which  are  derived  from  the  ele- 
ments, given  for  comparison  with  the  observations,  will  be 
indicated  by  E  in  the  column  of  weights. 


R.ES1   LTS    OF    <  >r.-i:i;\   \  I  IONS. 


Observed  1  late 

No 

Mur 

Phase 

Julian 

Calendar 

E 

Corr. 

w 

Mag. 

Remai  ks 

7502 

oh  iii! 

Max. 

3690: 

18UC-7 

May 

_ 

_ 

1 

_ 

_ 

d 

i:>  subtangent  method 

•• 

■■ 

Min. 

3900: 

Dec. 

- 

_ 

1 

_ 

- 

_ 

Perhaps  later 

7560 

R  Vulpeculae 

Max. 

3871 

Nov.     7 

83 

-   4 

i>p 

_ 

_ 

_ 

7577 

X  <  'apricorni 

Max. 

3888 

N.-v.  24 

I'.i 

- 

E 

- 

- 

- 

i  Ibsen  ;it  lona  interrupted 

7590 

Z  <  'apricorni 

Max. 

3883 

Nov.  17 

1 

-37 

6 

- 

- 

- 

— 7,  from  period  .l../.:;7i! 

7944 

r  Pegasi 

Max. 

3716 

June    5 

31 

+   2 

3 

- 

_ 

- 

82  10 

S  Aquarii 

M  1  £. 

3807 

Sept.    4 

48 

-13 

2 

- 

- 

- 

Perhaps  earlier 

8290 

/,'  1 ' 

Max. 

:;7N7 

An-.   15 

1  1 

—  22 

4 

- 

- 

- 

Perhaps  earlier 

8369 

II'  Pegasi 

Min. 

3977: 

Feb.  21 

- 

- 

1 

- 

- 

- 

Subtangent  approximat  ion 

s.V.i  7 

VCeti 

Max- 

3858.6 

Oct.    25 

24 

+   4 

9 

_ 

_ 

- 

8622 

IV  Ceti 

Max. 

3928 

Jan.     3 

1 

—  22 

o 

9.43 

0.6 

1.1     19 

103 

!'  I  ndi 

Min. 

3877 

Nov.  l;; 

57 

- 

3 

- 

- 

- 

M — m  =  84;  from  elemi  ats 

•• 

a 

Max. 

3992 

Mar.     8 

7)7 

+  30 

7 

9.32 

_ 

- 

134 

S  /'is'ittlll 

Max. 

393  1  : 

Dec.  L'u 

28 

-12 

lp 

_ 

- 

- 

Perhaps  earlier 

166 

O  Piscium 

Max. 

3950 

Jan.  25 

36 

t  in 

7p 

11.2 

0.8 

l.ii     16 

513 

!,'  Piscium 

Max. 

3941 

Jan.     If, 

32 

+  5 

9p 

7.. '17 

0.70 

(i.77  35 

715 

S  Art 

Max. 

3912 

Dec.  18 

31 

-13 

1p 

_ 

- 

- 

782 

R  Art 

Max. 

3852 

Oct.    19 

59 

-   4 

op 

_ 

_ 

- 

Light-curve  fluctuates 

•• 

a 

Min. 

3962  : 

Feb.     6 

60 

+  11 

2 

_ 

_ 

- 

806 

Max. 

3913.4 

Dec.   19 

33 

+    7 

9 

1.29 

0.53 

0.48     7 

•• 

a 

Max. 

3927 

Jan.     2 

33 

+  21 

7r 

_ 

_ 

- 

845 

Max. 

3890 

Nov.  26 

65 

+   7 

9f 

_ 

_ 

- 

Nearly  equal  3  weeks  later 

(857 

—  Ceti 

Max. 

3856.5 

Oct.    23 

38 

-  0.4 

5 

_ 

_ 

- 

See  note  below 

.. 

a 

Max. 

3874.3 

N.,v.   11) 

39 

_ 

E 

_ 

_ 

- 

a 

a 

Max. 

3926.5 

Jan.      1 

42 

_ 

E 

_ 

- 

- 

" 

it 

Max. 

3961.3 

Feb.      5 

44 

_ 

E 

_ 

- 

- 

893 

U  Ceti 

Min. 

3883 

Nov.    Ill 

19 

+  3 

7 

- 

- 

-      - 

(857) — Ceti.     It  was  cloudy  on  the  predicted  date  of  each  maximum  during  the  season. 
Eich  third  max.  apparently  about  two  days  earlier  than  the  elements,  as  heretofore;  A.J.  877. 


The  first   observation  confirms  the  period. 


Individual  Observations. 
Including  Observations  by  Arthur  C.  Terry. 


7502  X  Delphini. 

,  560  R  Vulpec.  - 

-('out. 

7."i77  X  <  'apric. 

-Cont. 

Julian     Calendar       Mag. 

Julian    i  alendar 

Mag. 

.Julian    Calendar 

Mag. 

1896 

1896 

1896 

3755.6  July  14      9.7 

3829.6  Sept.  26 

10.8p 

3865.5   Nov.     1 

11.51, 

3787.6  Au-.  15    12.0 

3833.5            30 

10.7p 

3871.5              7 

11.79, 

3809.6  Sept.   6    12.9 

3857.6  Oct.    24 

8.2p 

3888.5            24 

11.33, 

3860.5  Oct.  27    13.0] 

3866.6  Nov.    2 

S.1  p 

3897.5  Dec.     3    13.0] 

3870.5             6 

8.2p 

7590  Z  Capricorni. 

3924.5           30    12.0] 

3! .5  Dec.     6 

9.7p 

(Com  froni372.Comp. 

Stars  372) 

7560  I!  Vulpeculae. 

3904.5            10 

10.7p 

1896 

3858.5  Oct.   25 

10.3 

mid  from  37'i.) 

7577  X  '  'apricorni. 

3870.5  Nov.    6 

9. 1'.t. 

3797  5   A.ug.  25     to 

(Contliuii'il  from  aTi.) 
1896 

3878.5            M 

9.62, 

381  1.6  Sept.  11    12.]p 

3858.5  Oct.   25 

12.ii 

3880.5            16 

9.23, 

ttes 

3862.5            29 

11.73, 

3886.5           22 

9.50, 

7590  ZCapric.  — Copt. 

Julian     (.'alendar        Mag. 

3891.5  Nov.  27      9.96. 

3895.5  Doc     1     10.15s 
7914  T  Pegasi. 

(Continueil  fi 1  339.) 

1896 

3711.7  May  31  9.6 
.'1721.7  June  10  9.6 
3730.7  19      9.8 

S2.'1D  N  J./mirii. 

(Continue*!  from  872.) 

1896 

3807.(1  Sept.    I       7.68, 

3810.6  7      8.45, 


S2.'Hl  SJ./imrii-r, 


Julian     Calendar 

Mag. 

1896 

3813.6  Sept.  10 

8.72, 

MSI. '1.7             ID 

8.4p 

3819.6            16 

8. 1  7 

3823.6           20 

8.70, 

8290  R  Pega 

7. 

(Continued  from  846.) 

1896 

•"•777.(1   A.ug.    5 

S.7 

3786.6            1  1 

S.7 

3787.6            15 

8.70, 

3789.6            17 

s.7:; 

:;7X9.<;          17 

8.3p 

N°-  400 
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8290  I 

i  Pegasi- 

-  Cont. 

Julian 

( lalenda  c 

1896 

Mag. 

3790.6 

Aug.  18 

8.72, 

3797.6 

25 

8.8p 

3798.6 

26 

8.7f 

3799.6 

27 

8.7p 

3801.6 

29 

9.M  i' 

3804.6 

Sept.   1 

9.2p 

3807.6 

4 

9.88, 

3807.6 

I 

9.4p 

3809.6 

6 

8.9p 

3823.5 

20 

9.10 

8369  WPegasi. 

1896-7. 

3833.6 

Sept.  30 

9.0p 

3848.7 

Oct.   15 

8.9p 

3857.5 

24 

9.2p 

3866.6 

Nov.    2 

9.4i> 

3870.5 

6 

9.7p 

3890.5 

26 

9.9p 

:;;)().-..r, 

Dec.  11 

IO.Ip 

391  L.5 

20 

10.6p 

3918.5 

24 

10.6p 

3943.5 

Jan.  18 

10.7p 

3948.5 

23 

10.9p 

3956.5 

31 

12] 

3975.5 

Feb.  19 

12] 

8597  V  Cet 

i. 

(Con 

tinuetl  from  346.) 

1896 

3814.6 

Sept.  11 

12.3 

3829.6 

26 

10.21., 

3841.5 

Oct.      8 

9.75, 

38  L8.5 

15 

10.62; 

3854.5 

21 

9.94^ 

3855.5 

22 

9.833 

3857.5 

24 

9.84., 

3859.6 

26 

9.4p" 

3860.5 

27 

9.80, 

3862.6 

29 

9.7p 

3864.5 

31 

9.97, 

3866.6 

Nov.    2 

10.2p 

3870.5 

6 

10.34, 

8597   V  Geti—  Cont. 
Julian    Calendar      Mag. 

1896 

3870.5  Nov.    6    L0.4f 
3888.5  24    11.63, 


8622  W  Geti. 

(Continued  from  872.) 
t89fl  i 

3922.5  Dec.  28  9. 

3924.5  30  9 

3930.5  Jan.     5  9 

3937.5  12  9 

3943.5  is  9 

3944.5  L9  9 

3950.5  25  9 


103  T  Andromedae. 

(Continued  from  377.) 
1896  7. 

3841.6  Oct.     8  13.1 

3864.5  31  to 

3918.5  Dec.  24  13.1] 

4  dates 

3930.5  Jan.     5  12.78, 

3948.5  23  12.29, 

3956.5  Jan.  31  11.7  " 

3965.5  Feb.     9  11.0 

3975.5  19  10.7 

3983.5  27  10.26a 

3988.5  Mar.    4      9.133 
3991.5  7      9.37^ 

3994.5  10      9.33, 

3995.5  11      9.33 

3996.5  12      0.4] 

3997.5  1.3      9.61, 

434  SPiscium. 

(Continued  from  377.) 
1896-7 

3905.6  Dec.  11  10.2p 
3914.5     20   9.8:p 

3918.5  24  10.3P 

3930.6  Jan.  5  10.4p 

3948.5  23  10.7p 

466  UPiscium. 

(Continued  from  377.) 
1896 

3905.6  Dec.  11   12.4]p 
3918.6  24    12.4p 


166  I  Piscium  —com,. 

Julian  Calendar  Mag. 

3930.6  Jan.  5  L2.4p 

3948.5  2;:  L1.3p 

3956.5  ::i  11.2 

3965.5  Feb.  9  L1.6 

3975.5  10  L1.8 


513  R  P 

((  outlnued 
1896 

3859.6  Oct. 

3866.6  Nov. 
3890.6 

3897.7  Dec. 
3901.6 
3905.6 
3914.5 
3918.5 
3930.6  Jan. 
3943.5 
3948.5 
3957.5 
3963.5 
3970.5 


ISC  I  It  III. 

from  .177. 1 


Feb. 


U.2p 

11. Or 
11.1)1- 
10.7p 
10.3p 
9.7p 

9.0p 

8.4p 

7.4p 

7.5p 

7.5p 

8.0 

8.1 

8.21. 


715  S  Arietis. 

(Continued  from  314.) 

3905.6  Dee.  11  10.7p 

3918.6  24  10.7p 

3930.6  Jan.     5  10.0i- 

3948.5  23  11.2p 

782  /,'  Arietis. 

'  Continued  from  377.) 

3841.6  Oct.  8  8.7p 
3842.6  9  8.8p 
3848.6     15   8.8p 

3857.5  24  8.5p 

3862.6  29  9.0p 
3866.6  Nov.  2  8.8p 
3870.6              6  8.7p 

3886.5  22      9.2p 

3890.6  26      9.3p 

3897.7  Dec.  3  9.9 1- 
3943.5  Jan.  18    I0.4]i- 


782  R  Arietis— Cont. 
Julian     Calendar       Mag, 
3948.6  Jan.  2;:    L2.0p 
3960.5  Feb.     I     L3.1  j 
3975.5  10     r:  I 

3983.5  27     12.1 


806  o  Geti 

(Cont.fromS77.Comp 

3841.7  Oct.  8 

3842.6  9 

3848.6  15 

3857.6  21 

3859.6  20 

3862.7  20 
3866.7  Nov.  2 
3870.6  (i 

3886.5  22 

3890.6  20 
3901.5  Dec.  7 
3904.5  in 

3904.5  10 

3905.6  11 
3905.6  11 
3907.5  13 
3908.5  14 

3911.5  17 
3913.4  19 
3014.4  20 

3915.4  21 

3918.6  24 

3919.5  25 
3921.5  27 

3925.5  31 

3930.6  Jan.  5 
3943.5  18 
3948.5  2:; 


Stars  877) 

8.5p 
8.6p 
8.1p 
7.8p 
7.7p 
7.5p 
7.1 1- 
6.9p 
5.5p 
5,1 1- 
1.5  1, 
4.07., 
4.7p 
3.92s 
4.3p 
4.71.,; 
L.39  : 
1.1  l, 
4.40; 
4.33, 
4.15.. 
l.Oi- 
4.54., 
4.822 
5.202: 
4.2p 
4.1p 
4.2p 


845  J,'  Geti. 

(Continued  fi l  377.  i 

3842.7  Oct.  9  ll]p 

3848.6  15  11]  i> 

3857.5  21  ll]p 

3859.5  26  11? 

3862.6  29  10.7p 


845 

R  Get\     i  on1 

Julian 

( lalendar 

3866.6 

Nnv 

2 

L0.5p 

3870.6 

6 

9.9p 

3886.5 

21' 

'.Mir 

3890.6 

26 

9.4p 

3897.6 

Dec. 

3 

8.5p 

3899.5 

5 

8.6p 

3901.7 

7 

8.9p 

3904.6 

10 

8.8p 

3905.6 

11 

8.8p 

391  1.5 

20 

S.7i- 

3918.6 

21 

8.9p 

3930.6 

Jan. 

K 

10.01- 

3943.6 

is 

lo.7i- 

3948.5 

23 

11. h- 

(857) 

Cet 

i. 

(1  "mi  i S77.Comp 

-l.u      :., 

3852.5 

Oct, 

L9 

9.132 

3854.5 

21 

9.172 

3854.6 

21 

10.01,, 

3855.6 

22 

8.66, 

3857.5 

24 

8.73a 

3857.6 

21 

8.73a 

3858.6 

25 

9.362 

3870.5 

Nov 

6 

9.26, 

3871.5 

7 

9.04, 

3873.5 

9 

9.083' 

3922.5 

Dec. 

28 

9.11, 

3924.5 

30 

8.912 

3925.5 

31 

9.25, 

3957.5 

Feb. 

1 

8.83,; 

3960.5 

4 

8.88, 

893  U  Cet 

'. 

(Cont.from377  Comp 

Stare  346) 

3842.6 

Oct. 

9 

10.4 

3870.6 

Nov 

6 

12,1 

3871.6 

7 

1  2.02, 

3888.5 

2  1 

12.8 

3897.6 

Dec. 

3 

12.2] 

3918.5 

24 

11. OS, 

3921.5 

27 

10.72 

3925.5 

31 

10.76, 

3930.5 

Jan. 

5 

10.13, 

ON  NYEEN'S   VERTICAL-CIRCLE   OBSERVATIONS,  1882-91, 

By  S.  C.  CHANDLER. 


In  a  note  with  the  above  title  I  took  the  liberty  three 
years  ago  (A.J.  XIV,  13)  to  suggest  that,  to  secure  the  full 
fruits  of  this  admirable  series  of  observations  as  regards 
the  question  of  the  variation  of  latitude,  a  discussion  of 
them  was  desirable  with  the  view  to  ascertain  whether,  in 
addition  to  the  428-day  term  for  which  Mr.  Nyren  had 
already  used  them  so  effectively  (See  A.N.  3166  and  Bull, 
de  VAcad.  de  St.  Petersbourg,  1893),  they  would  manifest 
the  presence  also  of  the  annual  term  of  this  variation.  It 
was  not  to  be   expected    indeed,  from  the  nature  of  the 


material,  that  the  full  effect  of  tin  bi  ruo  would  be  exhibited ; 
but  it  was  reasonable  to  anticipate  that  at  any  rate  the  latter 
portion  of  the  series,  from  1887  to  1891,  would  give,  when 
properly  discussed,  qualitative  if  not  quantitative  evidence 
of  considerable  value  on  this  subject. 

Such  an  examination  has  now  in  fact  been  made  by  Nyi:en 
in  the  introduction  to  Volume  II,  Series  II,  of  the  Publica- 
tions of  the  Pulkowa  Observatory,  just  received.  This  I 
have  read  with  very  great  surprise  because  his  conclusions 
are  exactly  opposite  to  those  which  I  had  already  drawn 


L26 


THE     ASTRONOMICAL     JOURNA 


X"    UK) 


from  the  same  facts,  but  had  refrained  from  publishing  in 
order  to  avoid  the  apparent  discourtesj  of  anticipate 

juished  author  of  these  magnificenl  and  laborious  in- 
strumental researches.     Even  now  1  should  be  i.u-ln 
withhold  my  own  invesl  om  unwillingness  to  ap- 

pear disputa  aol    the  question   touch  a  point  in 

which  fundamental  astronomy  is  vitallj  interested,  □ 

Pulkowa  declinations.  For.  if 
T  am  not  mistaken,  the  correction  which  N  yki'n  has  applied 
for  variation  of  latitude  leaves  his  declinations  affected  by 
a  term  varying  with  the  righ  ■  having  a  coeffi- 

ii  nearly  0".15.  A  systematic  error  of  this  sorl  can- 
not be  neglected  in  the  present  condition  of  the  astronomy 
of  precision. 

To  save  repetition   I  shall  ask  the  reader  to  examine,  in 
either  of  the  places  above  cited,  the  nature  of  the  material 
on    which  the  investigation  is  made,  and   the   manner  in 
which  N\  ktn  has  deduced  Ins  moan  curve  and  the  table  of 
corrections  therefrom  derived.     So  far  there  can  ho  no  criti 
cism.      In   or. lor   now    l o  understand   the  objection   which  I 
deem  it  legitimate  to  raise  to  his  further  processes  and  con- 
clusions. I  would  direct  attention  to  the  following  paragraph 
from    the    new    l'ulkowa   volume,   p.  (39).      ,!11   a   deja    etc 
indique  plus  haul   pourquoi  la  question  s'il  existe  ou  nun 
dans  le  mouvement    du    poje   terrestre  aussi  une   periode 
aunuelle  in'   peut   Itre   tranche"e   avec  surete*  par   la  serie 
actuelle       I         idant,    les    observations  de   chaque   etoile 
isole*e  .-'.''tendant   en  moyenne  sur  un  mtervalle  de  deux 
mois.  on  devait  attendre  de  trouver  dans  une  serie  si  eten- 
due.  si  mm  les  valcurs  nume'riques  des amplitudes,  dn  moins 
des  traces  de  la  periode.     Pour  me  convaincre  s'il  en  6tai1 
ainsi,  j'ai  utilise  les  differences  L,  —  Ll!%  donnees  dans  le 
tableau  pp.  (32)  —  i-">7 1    une  fois  sans   tenir  compte   de  la 
periode  de  14  mois.  l'autre  fois  en  y  appliquant  les  correc- 
tions exigees  par  la  courbe  de  la  planche  ci-apres.     11  en 
ba  les  moyennes  suivantes ;" — In  thetable which  here 
follows  we  arc  concerned  only  with  the  column  "  Corrige 
pour  la  periode  de  1  1  mois."     With  regard  to  this  column 
the  author  says :  —  " Si  la  periode  de  14  mois  est  reelle  et, 
en  iiM*mi'  temps,  si  les  corrections  emprunte'es  a  la  courbe 
mentionncc  correspondent  en  grandeur  aux  variations  de  la 
latitude,  les  residus  <pie  nous  montre  la  seconde  serie  du 
tableau  sont  si  insignifiants  et  leurs  signes  se  presentenl 
d'  une  marche  si  irreguliere  qu'on  serait  tente  de  nier  1'ex- 
istence  de  toute  antic  periode.     ( >n   pent,  du  moins,  pre"- 
ixiste  une  periode  aunuelle,  l'amplitude  de 
ses  oscillations  doit  ctre  trop  faible  pour  qu'on  puisse  en 
decouvrii  drs  traces  distinctes  dans  la  s^rie  discute"e  ici." 
Be  then  adds:  "  Cette  derniere  conclusion  est  difficile  a  con- 
cilier  avec  les  formules  empiriques  de  M.  ('handler."     To 
I  in  turn  feel  constrained  to  add  that  this  conclusion 
is   equally   difficult  to  reconcile  with  the  facts  when  cor- 
rectly construed,  for  it  seems  to  me  that  the  meaning  of 


the  column  in  question  is  here  entirely  misconceived,  and 
that  the  process  of  deriving  it  for  the  purpose  of  detecting 

the  presence  Of  an  annual  term    in  the  latitude    is  puri 

soiling   in  a  circle.      Indeed  the   heading  of   the  column  is  a 

nn- a  3ince  the  corrections  applied  are  not   those  for  a 

14-nionths'  term,  as  they  purport  to  be,  but  the  readings 
from  a  Curve   which   comprises  not    only  this  term   hut  also 

all  traces  of  the  annual  term  which  the  observations  are 

competent,  from  their  nature,  to  show.  The  final  column 
of  residuals,  from  which  the  non-existence  of  an  annual 
term  is  inferred,  are  ami  ought  to  he  nearly  zero,  and  would 
be  precisely  zero  if  the  observations  were  exactly  correct 
and  the  curve  drawn  with  absolute  accuracy.  In  other 
words,  all  evidence  which  these  observations  are  competent 
to  show  of  an  annual  term  are  contained  in  tic  curve  itstdl 
and  not  in  t  he  di  tie!  enee  hot  ween  t  h  is  curve  and  t  he  obser- 
vations. Theref the  conclusion  a  hove  cited  seems  to  i  in- 
to be  a  fallacy,  the  kind  of  hasty  inadvertence  into  which 
even  the  clearest  mind  is  liable  to  fall,  and  which,  I  feel 
sure,  will  he  recognized  as  such  by  its  author. 

Now  to  see,  by  a  correct  method,  what  evidence  is  realh 
furnished  h\  these  observations  of  an  annual  term,  lei  us 
take  this  curve,  or  what  is  the  same  thing  the  corrections 
on  pp.  (40)  to  (43)  of  the  introduction  to  the  l'ulkowa  volume, 
and  subtract  the  14-nionths'  term,  using  the  coefficients 
given  by  eq.  (52),  A  .J.  XIV,  74.  Arranging  the  resulting 
differences  m  order  id  time,  t,  from  the  beginning  of  the 
year,  and  taking  the  means  for  all.  and  also  lor  the  two 
intervals  1  SSI'  87  and  1888  91,  we  have  the  following  table: 


- 

1882  91 

1882  87 

1888  '.m 

11.01) 

-0*026 

_o'o08 

--().().-,- 

.05 

— 

.().■!:; 

— 

.ou.-, 

-  .07."". 

.10 

— 

.oil) 

— 

.Ill  IS 

-  .087 

.15 

_ 

.i»i:; 

— 

.our, 

—  .100 

.I'd 

— 

.oil 

.000 

-  .100 

.1'.". 

— 

.040 

+ 

.001 

-  .102 

.MO 

— 

.029 

+ 

.oo;, 

,080 

.:;.-. 

— 

.026 

+ 

.007 

-  .071' 

.40 

— 

.i)l  1 

+ 

.oil' 

-  .052 

.1."". 

_ 

.01  IS 

+ 

.013 

-  .040 

.50 

+ 

.1)01 

+ 

.017 

-  .015 

..-..-> 

+ 

.016 

+ 

.018 

+  .010 

.GO 

+ 

.022 

+ 

.017 

+  .030 

.65 

+ 

.01'.) 

+ 

.01.-, 

+  .030 

.70 

+ 

.030 

+ 

.020 

+  .000 

.75 

+ 

.046 

+ 

.Olo 

+  .107 

.80 

+ 

.048 

+ 

.oi:; 

+  .100 

.85 

+ 

,045 

+ 

.008 

+  .100 

.90 

+ 

.032 

— 

.003 

+  .08.-> 

0.95 

-0.1  H  1 

-0.012 

-0.017 

Now.  as  explained  by  Xvkkx.  the  observations  for  the 
catalogue  are  comprised   hot  ween    L882    and  1887,  during 
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which  interval  the  individual  stars  were  observed  largely 
ai  the  same  season  of  the  year  in  the  different  years,  and 
consequently  the  effect  of  an  annual  term  would  be  masked. 
After   1887  the  observations  relate  almost  exclusively  to 

polar  and  bright  stars  which  could  1 bserved  in  different 

seasons.  On  accounl  of  this  more  extended  distribution 
from  1SSS  to  1891,  the  mean  values  of  the  declinations  are 
nearlj  free  from  any  effeel  of  variation  of  latitude;  hence 
the  residuals  shown  by  the  separate  observations  should 
represent  the  latitude-variation  unite  correctly.  Our  table 
above  fully  bears  out  this  interpretation. 

From  the  last  column  of  the  table  we  obtain, 

(a)  -0".013   -0".094  cos(0-8°) 

where  the  coefficient  0".094  may  be  regarded  as  aminimum- 
valueof  the  coefficient  of  the  annual  term,  as  shown  by  the 
only  portion  of  the  series  which  is  adapted  to  betray  cer- 
tainly its  existence.  From  eq.  (52)  we  have,  referred  to 
the  Pulkowa  meridian, 

(h)  -0".142  cos  (0-3°) 

and  similarly  from  eq,  (57),  A.J.  XIV,  129, 

(c)  -0".146  cos  (©-11°) 

A  comparison  of  («),  (b)  and  (c)  will  obviate  the  jessity 

for  carrying  the  demonstration  further. 

To  return  to  the  important  question  of  the  sufficiency  of 
the  corrections  applied  by  NyrLn  to  the  observed  declina- 
tions to  free  his  catalogue-  from  the  latitude-variation,  it 
will  lie  seen  from  the  column  1882-87  of  the  above  table,  that 
the  corrections  on  |i]>.  (lit)  (  13)  of  his  introduction  to  vol.  II 
contain,  for  this  intvrnil,  practically  merely  the  effect  of  the 
428-day  term.  His  catalogue  then  must  still  be  affected  by 
a  term  varying  with  the  right-ascension,  having  a  coefficient 
of  nearly  0".15,  as  stated  near  the  beginning  of  this  article. 
To  get  a  general  idea  of  it,  if  we  assume  the  average  mean 


time  of  his  observations  to  be  8h  30™,  we  have  approxi- 
mately the  systematic  correction  needed  by  the  new  Pulko- 
wa declinations,  as  they  stand, 


+  0".14  sin(«-f  135°) 


(d) 


For  the  corresponding  correction  of  the  Pulkowa  1865 

catalogue,  1  found  four  years  ago  (A.J.  XIII,  63), 

+0".09  sin  (a+153  , 

\im!  it  may  be  noted  that  the  Berlin  observations  for 
latitude,  through  Kustneb's  catalogue  of  1890,  which  is 
differential^  referred  to  the  Fundamental-Catalog,  have 
recently  (VJS.,  1896,  p.  104)  led  to  the  similar  correction 


4  o". 12  sin  («  +  120°) 


(/) 


The  last,  result  possesses  merely  a  moderate  interest,  as  a 
Mit    of  indirect   confirmation   of    the  true  correction   (<<), 
which    was    deduced  directly    from   the    vertical-circle   ob- 
servations of  1 863  75. 

With  the  foregoing  demonstration  this  article  might  end. 
But  a  word  of  comment  seems  appropriate  upon  a  remark 
following  the  last  quotation.  "Mais  sans  vouloir,  en  con- 
sequence de  ces  resultats,  nier  l'existence  d'une  periode 
annuelle  dans  la  latitude,  il  me  parait  Justine"  d'en  exiger 
des  preuves  plus  concluantes  que  celles  qu'on  a  donne'es 
jusqu'a  .present."  This  bears  date  of  June,  1895.  If  it  is 
not  too  great  presumption  to  assume  that  Mr.  Nyb±n  had 
read  attentively  the  proof  which  I  had  printed  to  that  time, 
I  can  only  remark,  as  to  this  expression  of  opinion,  that  it 
is  beyond  my  power  to  furnish  any  that  is  more  conclusive. 
If  he  has  examined  by  correct  methods  all  the  evidence 
that  has  been  presented,  and  is  still  unsatisfied,  I  can  only 
admire  the  conservatism  that  is  implied,  while  regretting 
that  it  has  stood  in  the  way  of  the  eradication  from  his 
declinations  of  the  systematic  error  above  indicated. 


NOTE   ON    U 

]Jy  REV.  .1. 
The  publication  of  two  maxima  of  V  Geminorum  in  A.J. 
393  and  399,  by  Mr.  Sperra,  induces  me  to  send  you  my 
observation  of  the  last  maximum,  which  I  fortunately  ob- 
tained while  making  my  chart  for  this  variable.  The  star 
was  invisible  in  our  12-ineh  refractor  on  February  28  and 
March  26,  1897,  but  was  nearly  stationary  at  9M.0  on 
March  .'!,  7  and  10.  On  March  12  its  brightness  was  on  the 
decline.  It  may  be  of  interest  to  have  these  three  maxima 
put  together  with  the  smallest  residuals  resulting  from  the 
different  epochs  of  Chandler's  Catalogues,  which  represent 
the  last  maxima  observed  at  the  time.  These  residuals  give 
an  idea  of  the  curious  irregularities  of  this  unique  variable. 
Georgetown  College  Observatory,  Washington,  D.C.,  ISO"  April 


GEMINORUM, 

G.   HAtiEN. 

The  three  Catalogues  give  the  following  elements  for  the 
purpose  of  approximate  prediction  : 

Max.  : 
(1, 1871)  Oct.  24 ;  1 1, 1892  Dec'.l  5 ;  111,1 895 1  >d .  28)  +  86d.3  E. 


Obs.  Observed  Max. 

Sp.  1896  Mar.  17.2 

Sp.  1896  Dec.     1.5 

H.  1897  Mar.   7± 


l  II  III 

69E  +  34d  14E-20d  2E— 31d 

72  E  +  35  17E-20  5  E-31 

73E+44  18E-10  0E-22 


Counting  from  the  last  maximum,  the  next  is  due  in  the 
beginning  of  dune  and  cannot  be  observed. 


L28 


THE     AST  won  mm  I  c  A  L     JOUKNAL, 


N0'  loo 


REVISED    ELEMENTS  OF  5190    E  CAMELOPARDALIS, 

U-i    -    C.   CHANDLER. 


i.-w  j'eara  appear  to  mn'-e  certain, 
what   1  had  previously  suspected,  I 

star  has  been  slow  ■■  erj  in  L858, 

275     '   the  presenl  time,  at  the 

11  .16   from  maximum  to  maximum. 


Eon  .  for  the  elements  given  in  the  Third  Cataloi  u<  , 
ilu   following  N ku  be  substituted  with  advantage  : 
L869  Sept. 2  (2403943)  r  267<1.5  E  +0*08  E 
i  ividual  phases  are  subjeci   also  to  considerable 

irregulat 


Noli:   <>\    THE    VARIAB1 

liv   PAT  I.  S. 

e  the  publication,  in    A.J.  395  and  397,  of   .1.  A. 

Pakkh  my  own  observations  of  SS  Cygni,  the 

star  has  been  under  observation  by  Mr.  Sperra,  who  writes 

'■)   •  i-!i  :;".  sufficient    particulars  of  his 

onfirm  my  suspicion  that  the  star's  varia- 

■  cal  in  type  with  that  oi    U  Gt  minorum. 

Mr.  Sperra's  observations  show  that  the  star  continued 

ts  normal  brightn  iou1    Ll".3,  through 

February  ami  until   tie-   morning  of    March  10.     On  the 

latter  date  he  observed  it  as  11". 0,  and  on  the  morning  of 

M  -1   as  7\7.     Since  the  latter  observation   the  star 


E    STAE    7792    SS  GTGJSTI, 

\  1  \m:u.. 

has  decreased  very  rapidly,  and  at  the  date  of  Mr.  Sperra's 

letter  had  returned  t arly  its  normal   faintness.     These 

observations  confine  the  duration   of  (lie  increase  to  two 

days,  and  also,  taken  ii aection   with  the  observations 

published  by  Parkhurst  ami  myself,  indicate  that  the 
light-curve  is  qo1  constant  at  different  maxima.  The  proof 
nf  i  he  ty | E  variation  is  unequivocal. 

The  interval  between  these  two  maxima  is  a  little  over 
sixty  days,  as  Sperra's  observations  seem  to  shut  out  the 
possibility  of  anj  intervening  maximum. 

Vorcliester,  Mass.,  1897  April2. 


THE   ASTRONOMICAL  JOURNAL. 

Pounded  by  B.  A.  Gould  in  1849.  Six  volumes  issued  to  1861.  Resumed  in  1885  with  seventh  volume-  ami 
continued  to  the  current  seventeenth  volume.  Each  volume  consists  of  twenty-four  numbers  with  table  of  contents 
and  alphabetical  index.     Subscription  $5.00  the  volume. 

Prices  foe  Sets  of  Completed  Volumes. 

I-  to      Yl    inclusive  (set  of     6  volumes,   1849-1861)           ....  $37.50 

"              II     ■■       VI          "         (set  of     5  volumes,  1851-1S01) 22.50 

"          VII     -    XVI          "         (set   of  10  volumes,  1885   1896)           ....  37.50 

"             II     ••    XVI          »         (set  of  15  volumes,  1851-1896) 55.00 

"              1*"    XVI          ••    (complete,  16  Volumes,  1849-1896)           ....  70.00 

of  the  above  sets  will  be  sent,  free  of  postage  or  express,  on  receipt  of  order,  accompanied  by  remittance 

in  postal  money-order  or  check  payabli    to    The  Astronomical  Journal,  Cambridge,  Mass. 

A  liin  cop       of  the   Atlas  of  the   Uranametria  Argentina  are  for  sale  at  $6.00. 

une  I  i-  very  rare. 


CORRIGENDUM. 

-.  p.  10S,  line!),  in  heading  of  table,    for  <•-      put  <f. 


CONTENTS. 
F.  70  Ophiuchi,  By  Mi:.  Eric  Doolittle. 
bli    Stars,       No.  17.  ui    Mr.   Henri    M.   Parkhurst. 

On    NyBEN'S    V  i   BTII   w    (   [Rl  II     OSS]   i:\   \iio\-.    1882   91,    B1     DR.    S.    I  .    I    HANDLER. 

i. ,    Rev.  J    G.  Haqen. 
Revised  Km. mi  nts  ot   5190  /.'  Camelopardalis,  v.\   in;.  S.  C.  Chandler. 

■  mi.  Vaiu  m;i  i    Star  7792  88  Cyqni,   b\    Mr.  Paul  S.   STendj 
The  a    i  rouRNAL. 


THE 


ASTRONOMICAL    JOURNAL. 

'ED     BY     B.     A.     C 

No.  401. 


FOUNDED     BY     B.     A.     COULD. 


VOL.  XVII. 


IJOSTON,     18!>7     APRIL     '27. 


NO.  1  7 


THE    VARIATION    OF    LATITUDE   AT   NEW   YOKE,   AND   A   DETERMINATION 

OF  THE   CONSTANT   OF   ABERRATION    FROM    OBSERVATIONS    AT 

THE   OBSERVATORY   OF   COLUMBIA   UNIVERSITY, 

By  JOHN'   K.  REES,   HAROLD  JACOB?    \\i.  HERMAN  s.   DAVIS. 


The  results  described  below  were  obtained  from  obs<  i 
rations  of  1774  pairs  of  stars  made  between  1893  Ma\  6 
and  1894  June  _ii  with  an  8-centimetre  Wannschaff  zenith- 
telescope.  The  observations  were  planned  for  a  determi- 
nation of  the  constant  of  aberration  by  Kustnek's  method. 
four  groups  of  stars  were  used,  having  mean  right-ascensions 
approximately  as  follows: 


Group     T 

II 

III 

IV 


6" 

1  I 
18 


Each  group  contained  seven  pairs  of  stars,  and  the  groups 
were  observed  both  morning  and  evening,  whenever  the 
weather  permitted.  The  original  plan  of  observation  re- 
quired four  observers,  but  it  was  unfortunately  necessary 
to  reject  altogether  the  work  of  one  observer.  This  has 
of  course  caused  considerable  gaps  in  the  scries,  in  addition 
to  those  due  to  unfavorable  weather  conditions. 

The  following  table  contains  the  latitude-results  employed 
for  the  computation  of  the  constant  of  aberration.  For 
this  purpose,  we  used  only  observations  obtained  during 
the  periods  when  it  was  possible  to  observe  evening  and 
morning  groups.  The  observations  of  each  group  were 
gathered  together  into  periods  of  about  ten  days' each,  in 
such  a  manner  that  the  weighted  mean  of  the  dates  is  nearly 
the  same  for  both  the  evening  and  morning  groups.  In 
this  way,  the  mean  latitudes  from  the  two  groups  should 
differ  only  on  account  of  the  difference  between  the  decli- 
nation-systems of  the  two  groups,  and  on  account  of  any 
error  in  the  assumed  value  of  the  aberration-constant. 
They  cannot  differ  on  account  of  variation  of  latitude,  pro- 
vided we  assume  that  any  such  variation  is  uniform  during 
the  short  time  of  ten  days.  Our  result  for  the  aberration- 
constant  is  therefore  independent  of  any  assumption  as  to 
the  law  of  latitude-variation. 


The  weights   given   in  the   sec 1   and   seventh    columns 

are  equal  to  the  number  of  pairs  observed,  excepl  thai 
whenever  a  complete  set  of  seven  pairs  was  obtained,  the 
weight  was  increased  to  8. 

The  aberration-factors  in  the  table  have  the  following 
meaning: 

I  f  we  put 

C  =   the  number  20.4451 
/('  =   correction  to  the  constant  20".4451 

_  AC 
X  ~  ~C 
then  if  x  were  +1",  all  the  latitudes  in  the  table  would  be 
larger  by  a  number  of  seconds    equal  to  the  aberration- 
factors  set  down  next  to  the  latitudes. 

Combining  the  results  in  the  table  we  get  the  following 
mean  values  for  the  differences  of  the  latitudes  from  the 
successive  groups,  together  with  the  effect  upon  them  of 
any  error  in  the  aberration-constant.  The  quantities  given 
for  groups  II-III,  are  the  means  of  the  results  obtained 
in  L893  and  L894.  We  note  that  the  numbers  from  tin- 
two  years  agree  exactly  in  the  mean,  though  this  is  of 
course  accidental. 


Group     II-III 

+0.132   +  11.9a: 

wt.  206 

IH-IV 

-   .038   +12.2 

44 

1V-I 

-   .111    +18.9 

53 

I-II 

-0.01  s   +19.2 

97 

The  sum  of  these  four  quantities  maybe  equated  to  0, 
since  the  errors  of  the  declination-systems  of  the  several 
groups  will  not  affect  the  cyclical  sum  of  the  differences. 
In  this  way  we  obtain, 

-0".035  +  62.2  x  =  (i         wt.  18 
The  correction  required  by  the  constant  of  aberration  is 
therefore, 

+0".0115 
and  the  constant  itself. 

20".4566 

(129) 


130 
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The  rror  of  a  single  latitude  was  found,  from 

tli,.  residuals  obtained  in  the  comparison  of  the  mean  lati- 
tude "u  any  night  with  the  severa 
I..  be. 

Probable  error  of  a  single  latitude  =    ±0    16 

Consequently  the  probable  error  corresponding  to  the 
weight  "l  tin'  above  constant  of  aberration  is  ±0".013, 
and  we  have  finally,  as  the  resull  of  the  present   research, 

Constantof  Aberration   -  2C.457   ±0".013 

The  value  of  .<•  having  been  obtained,  we  can  correcl 


iii,-  above  group  differences,  ami  obtain  the  corrections 
necessary  to  reduce  tin'  declination-system  of  each  group 
to  the  mean  "I'  all.     These  correct  ioni  are  fo I  to  be, 

Group     I  —0.056 

II  -   .063 

III  +    .(>:.-» 

IV  +0.044 

These  numbers  are  very  small,  but  they  indicate  a  slight 
dependence  of  Auwers's  declination-system  upon  right- 
ascension. 


Determination  of  the  Constant  of  Aberration. 

(Latitude  =  40°  4s'  +  seconds  in  Table.) 


Weighted  Mean 

Weig 

litnl  Mean 

I  difference 

Group 

Wt. 

Date 

I. at. 

Mum  i , 
Factors 

Group 

Wt. 

Date 

Lat. 

Alien-. 
Factors 

Groups 

I. at. 

Vl.ei  r. 
Factors 

Wt. 

II 

47 

'93  .M.i\     9 

1-7.1' 11' 

+     1.1 

III 

44 

'93  May     9 

■'7  225 

-11.7 

11    III 

0.013 

1  12.8 

23 

II 

30 

May   22 

.261 

+   4.4 

III 

39 

May  21 

.107 

-   8.7 

+    .154 

13.1 

17 

II 

39 

June    5 

.263 

+    7.!) 

III 

r.i 

.lime     7 

.07  s 

-  4.;{ 

+   .185 

12.2 

22 

11 
III 

22 
23 

June  L9 
July     9 

.345 

1'7. 17.-. 

+10.3 

+   5.5 

III 

IV 

20 

June  19 
July  10 

.07  1 
27.169 

-  0.1 

—  7.0 

Means 
III-IV 

+   .271 

10  7 

13 

t  0.1:12 

12.:; 
12.5 

11 

+  o. i 

111 

Id 

.Inly   22 

060 

+  8.3 

IV 

40 

July  23 

.112 

."■.7 

.082 

12.0 

20 

III 
IV 

32 
26 

Aug.    5 
Oct.    15 

26.965 
27.192 

+11.5 

+  15.2 

IV 

1 

21 

21 

Aug.     7 
Oct.    14 

26.973 

27.; 300 

+   0.9 

-  4.S 

Means 

IV-I 

.III  IS 

12.1 

13 

-0.038 

12.1' 

-0.108 

20.0 

12 

IV 

2S 

(let.    30 

.1  I.". 

+16.2 

I 

25 

Oct.    30 

.328 

-   4.0 

-   .183 

20.2 

13 

IV 

18 

Nov.     9 

26.978 

+16.1 

I 

27 

Nov.     9 

.201 

-  3.3 

-   .22.'? 

19.4 

11 

IV 

31 

Nov.  21 

1-7.1  Hi' 

+  1.-...-. 

I 

25 

Nov.  21 

.180 

-  2.0 

+    .012 

17.5 

14 

IV 

I 

1 

Dec.     6 

'.II  .Ian.    12 

.340 
27.302 

+14.0 

+   2.7 

1 

IT 

27 
38 

Dec.     7 

•9  1  .Ian.    13 

.316 
27.252 

-  o.2 
-14.(1 

Means 
[-11 

+   .024 

14.2 

3 

-0.111 

18.9 

t  0.050 

17.3 

21 

I 

IS 

Jan.   29 

.195 

+   4.0 

II 

25 

.Ian.    28 

.258 

-15.5 

-  .oc,:; 

19.5 

10 

I 

46 

Feb.     11 

.217 

+  4.8 

II 

27 

Feb.  10 

.270 

-15.4 

-   .058 

20.2 

17 

I 

,",9 

Feb.  23 

.l-iil 

+   r..4 

II 

39 

Feh.  2:; 

.249 

-14.0 

-  .048 

l-o.o 

20 

I 
II 

42 

If, 

Mai-.       1 

Apr.   11' 

..'111 
27.248 

4-   5.6 

II 
III 

51 
37 

Mar.     4 
Apr.   12 

.Ml  1 
27.176 

L3.6 
-15.8 

Means 
11    III 

+   .003 

19.2 

23 

-0.018 

19.2 

+  0.072 

9. 9 

21 

11 

I.-. 

Apr.  25 

.211 

-  2.6 

III 

46 

Apr.  25 

.131 

-14.3 

+   .113 

11.7 

i';; 

II 

48 

M'r.      2 

.27  1 

-  (».7 

III 

38 

May     2 

.049 

-I.-..1 

+    .1-25 

12,1      21 

11 

43 

May    11' 

.313 

+   l.S 

III 

.'52 

May    12 

.080 

-10.7 

+  .1-:;:: 

12.5     IS 

11 

47 

June    1 

.169 

+   6.9 

III 

44 

.1  une    1 

.131 

-  5.6 

+  .038 

12.5 

23 

11 

42 

June  13 

.21.-. 

+   9.2 

III 

64 

June  15 

.087 

-  1.9 

Means 

+  .128 

11.1 

25 

+  0.131 

11.7 

Observations  have  been  continued  from  the  date  last 
given  to  the  [.resent  time  by  Professor  ReES  and  I  >r.  I  I  \\  IS, 
and  will  he  kept  up  for  some  time  longer.     Reductions  of 

the  later  series  will  be  finished  s A  series  of  ol 

been  made  and  is  now  being 
continued  at  the  Royal '  tbser\  atorj  at  ( iapodimonte,  Naples, 
by    Professor   Em.   Fergoia  and    two   assistants.   Messrs. 


Contarino  and  AngeiiItti.     The  following  table  contains 

the  final  mean  latitudes,  corrected  for  the  error  of  the  con- 
stant of  aberration,  as  found  above,  and  for  the  reduction 
of  each  group  to  the  mean  of  all.  A  mean  value  is  given 
for  each  ten  days  of  observation,  together  with  the  weighted 
an  date  to  whieh  the  mean  latitude  belongs. 


N<Mol 
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Definitive  Latiti  des. 


<r 

<f 

—  Vo 

Weig 

•in     18'+ 

lso.'iMav    9 

27.22" 

+  (1.027 

86 

19 

.1  II 

_ 

.051 

IS 

27 

.162 

_ 

.033 

45 

June    8 

.178 

_ 

.(117 

66 

17 

.198 

+ 

.003 

16 

28 

.259 

+ 

.064 

36 

July    8 

.262 

+ 

.(167 

32 

19 

.177 

— 

.018 

43 

26 

.141 

_ 

.054 

go 

Aug.    6 

.029 

_ 

.166 

19 

Oct.     6 

.•'17  7 

+ 

.182 

34 

15 

.244 

+ 

.049 

17 

30 

.241 

+ 

.046 

49 

Nov.    9 

.111 

_ 

.084 

49 

20 

.2(14 

+ 

.009 

51 

Dec.     3 

.232 

+ 

.037 

18 

11 

.255 

+ 

.060 

31 

23 

27.302 

+  0.107 

45 

<? 

<P 

—n 

Weig 

In     1-    : 

894  Jan,    2 

27.1 '.12 

-0.003 

39 

II 

.168 

_ 

.027 

90 

23 

.198 

+ 

.003 

68 

Feb.    2 

.21  1 

+ 

.019 

63 

12 

.148 

_ 

.047 

65 

21 

.193 

_ 

.002 

93 

Mar.    5 

.234 

+ 

.039 

72 

21 

.083 

_ 

.112 

56 

Apr.    1 

.  1 92 

_ 

.003 

36 

11 

.199 

+ 

.004 

69 

23 

.218 

+ 

.023 

92 

May    2 

.153 

_ 

.012 

99 

12 

.225 

+ 

.030 

69 

29 

.216 

+ 

.021 

55 

June    8 

.079 

_ 

.116 

7.". 

17 

■> 

.193 

-0.002 

69 

Mean 

•  >- 

.195 

Columbia   University  Observatory,   1897  April  14. 


OBSERVATIONS   OF   COMET   1896  Til, 


Communicated  by 

F.  P.  LEAVENWORTH. 

1896  Northfield  M.T. 

* 

Ko. 

( 'iimp. 

la 

-* 

j8 

6^'s  apparent 

a                        8 

log  ;>A 
for  a           for  S 

Dec.  28     7  52  56 
7  52  56 
7  52  56 
7  52  56 

1            .    . 

2 

3  .    . 

4  .    . 

+  .';"    +25 
+  2  34.71 
-0     2.70 
-2  56.67 

+32  51.9 

-12  48.4 
-13  25.7 
+  10  34.1 

2"  59  55.63 
2  59  56.19 
2  59  55.68 
2  59  56.28 

+  0  13  52.4 
+  0  13  52.4 
+  0  13  53.2 

+  0  13  52.5 

W8.803 

?i8.803 
>,X.K03 

,/S.so:; 

0.886 
0.886 
0.886 

0.886 

Mean  Places  for  1S90.0  of  Comparison- Stars. 


* 

a 

Red.  to 

app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

2 
3 

4 

2  56  46.80 
2  57  16.89 

2  59  53.86 

3  2  48.34 

+4^58 
+4.59 

+  4.61 
+  4.61 

-0°  19  20.3 
+  0  26  L9.8 

+  0  26  58.1 
-0     6     2.1 

+  2<)''s 
+  21.0 
+  20.S 
+  20.5 

Munich  I,  1032 
Schjellerup  858 
Schjellerup  SCO 
Munich  II,  640 

The  above  positions  were  obtained  from  a  photograph  of  the 
comet  taken  by  Dr.  11.  C.  Wilson,  at  Goodsell  Observatory. 
The  time  of  exposure  was  from  7h  13'"  24s  to  8h  32"1  21 
Northtield  M.T.  The  measurements  were  made  with  the 
Eepsold  photographic  measuring  machine  of  the  University 
Minneapolis,  1897  April  13. 


of  Minnesota.  Both  measurements  and  reductions  were 
made  by  Rot  V.  Fhiixf.k  and  Paul  G-.  Schmidt,  students 
of  the  University  of  Minnesota.  The  middle  time  of  ex- 
posure was  taken  as  the  time  of  observation,  and  the  meas- 
urements were  made  from  the  ends  of  the  star  trails. 


MICROMETRIC   MEASURES   OF  THE   SATELLITE   OF  NEPTUNE, 

MADE    WITH    THE   24-INCH    REFRACTOR    OF    THE    LOWELL    OBSERVATORY, 


By  D.  A. 

The  following  measures  of  the  satellite  of  Neptune  were 
made  by  Mr.  Cogshall  and  myself  with  the  24-inch  refrac- 
tor and  Clark-micrometer  of  the  Lowell  Observatory. 

The  measures  were  begun  on  L896  '  let.  16,  and  continued 
to  March  27  following,  with  an  interruption  of  about  two 
months  while  the  observatory  was  being  moved  from  Flag- 
staff to  the  City  of  Mexico. 


DREW. 

In  all  of  the  work  a  power  of  500  was  used,  with  the  ex- 
ception of  the  measures  of  Oct.  16.  which  were  made  with 
a  [lower  of  750.     Wires  illuminated  with  a  red  lighl  were 

always  used,  but  generally  on  moonlight  nights,  and  during 
bad  seeing,  the  illumination  was  faint.  In  all  but  one  in- 
stance the  position-angles  were  taken  first,  and  then  the 
wires  were  set  at  an   angle  differing  by  90°  from  the  mean 
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of  the  position-angles  and  the  distance  measured.  The 
positii  '.rally  taken  by  placing  I >» •  1 1  >  planel 

and  satellite  between  tfc  er-wires,  bul  ai  times  it 

.    |  ii  p  coinci- 

er  tin'  centers  of  both  disk-.      I 
distances  n  ould  be  judged,  be- 

tween the  c  10th  disks. 

Since  in    I  3ta  tdard    Mountain  Time  was   used, 

and  in  Mexico  the  local  time  of  the  National  Observatory, 
it  has  been  thoughl  best  to  reduce  the  time  of  observation 
to  that  of  some  one  place,  and  to  give  it  in  hours  and  frac- 


i   an  hour.      \'  Green  ■  ich  Mean  Time  has 

been  chosen. 

In  the  various  co  bi  low  w  ill  be  I 

the  date,  the  Greenwich  Mean  Time  T  of  the  observation, 

the  position-angle  P.  A.  of  the  satellite,  the  distance  D  of 

number  N  of  the  measures.     In  all  the 

measures  of  distance,  N   indicates  the  number  of   double 

distances,  excepl   for  Feb.  23>  when  but  i measure  was 

.  and  on  bul  one  side  oi  th<   fixed  wire, 
[n  everj  case  the  mean  of  the  measures  is  given,  am 
mean  of  tin-  t imes  of  obsen ation. 


Date 

T 

P.A. 

u 

N 

Remarks 

Date 

T 

P.A. 

i) 

\ 

Remarks 

h 

* 

h 

20.1542 

99.7 

4 

Feb. 

' '  1 

L6.4713 

216.3 

6 

sat. 'Hit,-  faint 

Oct. 

If, 

20.6278 

L3.75 

.". 

-'     L6.9588 

13.52 

1 

Oct. 

L9 

20.0333 

280.0 

3 

»ood 

t'..i, 

.,.,     16.8963 

L33.5 

6 

fair,  unsteady 

20.2056 

1  1.17 

3 

i  rh. 

~~ 

17.117'.) 

L0.87 

5 

20.2917 

52.0 

2 

i  loudj  :  seeinj 

I.'  .v. 

.,.. 

L6.2296 

75.7 

6 

unning  badly; 

29 

20.1056 

1  ... 1 8 

3 

r  en. 

_.i 

L6.8296 

L6.34 

1 

itching 

Oct. 

L9.7750 

338. 1 

2 

good 

Feb. 

9  1 

16.1352 

34.8 

6 

- 

30    2 

L0.25 

3 

-'     L6.6213 

13.32 

l 

20.2750 

11.1 

'> 

good 

Feb. 

.,.     L5.0018 

312.1 

'.i 

i  steady 

4 

20.6694 

1  1.22 

3 

"•'     15.4629 

10.27 

1 

263.0 

1 

Seeing  i r.  unsteady 

Feb. 

.,_     16.7407 

210.4 

6 

Seeing  good :  satellite 

6 

20.3067 

L5.71 

l 

"'     L7.0213 

L2.87 

l 

\>-v\    i 

\ 

222. 1 

3 

Seeing  i r 

Feb. 

.,s     L5.5296 

L28.1 

6 

j 1 

7 

20.3542 

l  1.21 

1 

"' 

15.8963 

10.84 

5 

L5.4796 

7:;. 7 

6 

dan. 

6 

L5.6963 

132.3 

5 

Hazj :  poor  seeing 

.Mar. 

1 

L6 i 

L6.70 

5 

dan. 

7 

15.8338 

77.7 

4 

Seeing  poor 

Mar. 

•  > 

L5.5153 

29.2 

7 

Satellite  very  faint. 

L5.908S 

13.05 

6 

dan. 

- 

L5.4504 

38.4 

1 

Satellite  verj  faint 

Mar. 

3 

1  L2768 

102.0 

6 

Sat. -Ilil.'  faint 

dan. 

9 

18.7629 

298.3 

1 

Seeing  good 

1  t.7081 

11.17 

6 

19.1629 

11.39 

3 

.Mar. 

1 

1  L1740 

253.2 

6 

Seeing  good 

dan. 

11 

17.8796 

209.7 

5 

Moonlight ;  satellite 

1  t.5088 

15.97 

6 

l -  1  82  1 

L1.69 

3 

\cr\  fainl :  seeing  poor 

Mar. 

6 

1  I.IL'.M 

L22.7 

8 

Satellite  faint :  strong 

L7.9996 

20.2 

5 

Moonlight :  seeing 

1  t.5865 

11.27 

6 

w  in.l  bl 

dan. 

14 

18.6479 

Ll.73 

5 

g 1 

Mar. 

1  1.2713 

73.0 

6 

good 

18.1796 

Ins.:. 

3 

Moonlight :  hazy; 

' 

1  L7032 

L5.90 

6 

Jan. 

18 

18.7088 

L2.45 

4 

seeing  poor 

Mar. 

8 

1  1.1629 

24.5 

6 

Moonlight :  seeing  ,'•»>.! 

dan. 

28 

30 

1 

L8.4713 

234.7 

f. 

Seeing   | ' 

1  1,591  1 

L2.44 

6 

L9.1863 
L8.1796 

94.9 

L6.04 

4 
6 

Seeing  verj  poor 

.Mar. 

9 

1  1.2921 
I  L7226 

299.1 

L1.31 

8 
6 

Moonlight ;  hazy;  satel- 
lite verj  faint 

•1 

18.5796 
18.9629 

346.3 

1  L85 

1 
4 

('lock  running  badly 

Mar. 

L0 

13.9536 
1  1.4129 

250.5 

L6.32 

8 
6 

Moonlight :  hazj  ;  satel- 
S  fainl 

Feb. 

.     16.6324 
1     16.9713 

53.5 

L5.73 

6 
4 

Satellite  verj  faint ; 
seeing  poor 

Mar. 

11 

1  L0296 
1  1.3685 

202.9 

11.84 

8 
6 

Moonlight :  seeing  poor; 
n  ires  catching 

Feb. 

L7.9985 
8     18.5129 

264.5 

L5.16 

8 
5 

Seeing  fair 

Alar. 

12 

1  t.1046 
1  1.4768 

L13.7 

L2.51 

8 
6 

Moonlight :  cloud; ; 
strong  bn 

Feb. 

lq     L7.7379 
'•'     18.4246 

326.2 

6 

Moonlight ;  satellite 

Alar. 

19 

L3.6213 

65. 1 

6 

Hazj :  seeing  ] r 

10.25 

5 

faint 

13.9296 

16.67 

6 

L7.2852 
17.6713 

10.7 

1  1..-.L' 

6 
4 

Moonlight ;  hazj  ;  satel- 
lite verj  faint 

Mar. 

25 

L3.8213 
L3.9963 

60.1 

L6.72 

6 
5 

Hazy;  seeing  |ioor  ; 
wires  catching 

Feb. 

19 

17.2462 
L7.8962 

316.6 

9.91 

3 
2 

Moonlight :  .lri\  ing 
clock  running  badlj 

Mar. 

26 

1  l.ir.u 
1  1,2963 

354.9 

LO.OO 

7 
6 

W'ini]  swaying 
scope;  « ires  i 

20 

17.4029 
L7.7529 

256  9 

15.54 

5 
5 

Moonlight ;  si 

Mar. 

•  >- 

1  1.5879 
1  1,9865 

275.5 

13.42 

6 
6 

Hazj  :  strong  breeze 
blowing 

Loicel'  0 
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DIVISION-CORRECTION    OF 


THE   CIRCLES   OF   THE  MERIDIAN    INSTRUMENT 
AT    ALBANY, 

B:    LEWIS  BOSS. 


Whal    is  offered   here   is   ii tinuation  of   the  paper 

under  a  similar  title  published  in  nos.  382  and  383  of  the 
Astronomical  Journal,  and  is  based  on  extensive  additional 
material  of  observation.  The  onlj  possible  excuse  for  pre- 
senting another  communication  here  upon  this  subject 
would  be  that  further  deductions  of  general  interest  to 
practical  astronomy  have  been  made,  or  thai  the  former 
ones  have  been  placed  in  a  new  and  stronger  light. 

There  seems  to  be  no  occasion  to  enter  further  upon  the 
elucidation  or  merits  of  the  new  method  employed  in  this 
investigation.  But  there  would  be  undoubted  general  in- 
terest in  finding  out  what  precision  in  graduating  circles 
has  actually  been  reached;  for  contributions  of  exact 
knowledge  upon  this  point  arc  still  scanty.  Are  systematic 
errors  of  graduation  measureable  and  relatively  importanl  '.' 
Since  it  is  generally  regarded  as  impracticable  to  determine 
the  errors  of  all  the  lines,  does  it  pay  to  go  through  all  the 
labor  of  an  attempt  to  determine  from  a  limited  number  of 
lines  those  errors  of  graduation  which  may  properly  be 
termed  systematic  ?  This  question  is  of  course  merely  a 
modification  of  the  first  question.  Growing  out  of  it  arises 
the  question:  what  is  the  probable  magnitude  of  casual 
errors  of  graduation,  and  how  accurate  must  be  the  de- 
termination of  errors  in  order  to  secure  a  really  useful 
result?  This  last  question  is  the  crux  of  the  entire  sub- 
ject- 
To  make  adopted  systematic  corrections  realh  satisfac- 
tory there  must  be  some  reasonably  plausible  assumption 
as  to  their  origin.  If  the  probable  law  of  the  correction 
can  be  prescribed,  the  result  may  be  reached  with  much 
greater  confidence  as  well  as  'facility.  For  example,  at 
one  stage  of  the  present  investigation,  the  corrections  for 
each  degree  were  ascertained.  There  might  have  been  a 
temptation  to  stop  here  and  to  construct  acurve  of  adopted 
corrections  in  the  usual  manner  and  without  any  assump- 
tion as  to  its  nature.  But  this  course  would  have  led  to 
egregious  residual  errors  of  a  systematic  nature  and  of 
almost  as  much  importance  as  those  which  would  have 
been  corrected.  Even  a  casual  inspection  of  the  table  of 
corrections  (A.J.  383,  p.  197)  is  sufficient  to  show  that  ac- 
count must  be  taken  of  the  fact  that  for  the  Olcott  Circle 
(and  presumably  for  all  circles  by  Pistor  and  Martins) 
the  curve  of  correction  may  be  markedly  discontinuous  at 
the  beginning  of  a  degree,  and  especially  so  at  multiples 
of  5°.  This  is  obvious  at  15°,  2.j°  and  75°,  whim  the  sub- 
divisions of  the  degree  are  taken  into  account,  —  the  fur- 
ther research  upon  all  the  lines  at  10',  30' and  50' having 
greatly   intensified    this   evidence   of    discontinuity.     This 


arises  largely  from  the   fact   thai    there  is  a  virtually 
tenia) ie  di He rei ice  of  about  0".3  between  t  he  correction  i  for 
the    Brst    third     and     the     la   I     third     of     the    degree-sub- 
divisions. 

These    two    facts    are  of    primary   importance  in    deciding 

"I a  scheme  of  systematic  corrections  for  thesi    circles. 

A.  knowledge  and  appreciation  of  them  in  the  beginning 
would  have  resulted  in  a  greal  saving  of  labor  in  this  in- 
vestigation. Where  it  has  been  found  thai  observations 
afford  more  consistent  results  when  not  corrected  for  the 
deduced  errors  of  graduation,  as  at    Munich  and   Berlin, 

this   is   more   likely    to   lie   due   lo   t  lie    |  icel  I  I  ia  r  1 1  i  es   o  I'   I  I . 

tematic  corrections  required,  rather  than  to  in: i 

the  deduction  of  corrections  for  the  few  lines  which  have 
been  investigated. 

Soon  after  the  publication  of  the  former  paper  (A.J. 
382  3)  of  which  this  is  a  continuation,  or  appendix,  this 
investigation  was  extended  to  every  10' of  both  circle,  i,\ 
methods  already  described.  The  number  of  serii 
only  eight,  however,  and  each  set  of  readings  for  the  com- 
parison of  the  circles  at  intervals  of  10' extended  ovi  i  a 
full  degree,  seven  settings  advancing,  and  seven  more  on 
the  return,  — the  limiting  0'  graduations  on  Circle  A  being 
both  included.  Thus  additional  constant  errors  in  the  de- 
termination of  the  new  lines  are  almost  wholly  avoided. 
The  entire  work  upon  the  10'  arcs  cost  about  350  hours  of 
observing  for  two  persons,  and  nearly  as  much  more  of 
computing.  Each  correction  for  a  setting  (mean  of  lour 
lines  in  the  four  quadrants)  required  in  all  about  two  and 
one-half  hours  of  the  labor  of  one  person  for  its  ascertain- 
ment. There  have  now  been  determined  in  the  entire  work 
the  actual  corrections  for  1080  settings,  representing  1320 
graduation-lines,  exclusive  of  the  known  corrections  in  tin- 
arc  37  '  20'  to  42°  0'  with  its  corresponding  quadrants.  In 
the  work  upon  10' arcs,  Circle  A  was  read  by  Assistants 
Roy  and  Varnum,  and  Circle  I!  by  me;  the  computations 
were  mostly  by  Mr.  Varnum.     The   probable  error  of  the 

final  determination  of  tl orrections  for  10',  30'  and  50'  is 

±0".042,  ascertained  in  the  same  ivaj  a  were  the  probable 
errors  for  the  one  degree  and  20' arcs.  There  has.  there- 
fore, been  no  material  falling  off  in  the  accuracy  of  the  ad- 
ditional results,  though  the  series  are  only  two-thirds  as 
many  as  for  the  20'  arcs. 

Two  advantages  are  expected  to  grow  out  of  the  addi- 
tional work, —  the  first  of  which  relates  to  the  determina- 
tion of  corrections  for  special  divisions.  One  of  the 
microscopes  is  now  supplied  with  threads  at  intervals  "I 
4'   and   '-'   asunder,   and    it   is    proposed   to    supply  all   the 
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microscopes  with   this  same  system  oi   threads.     Thus,  it 
will  be  possible  and  convenient   to  ascertain  any  division 
;i  In  a  single  step  oi  -   or  1'  from  a 
line  for  which  the  correction  is  already  known. 

mdly,  it  was  desired  to  obtain,  through  more  mate- 
rial, more  exact  information  in  regard  to  the  systematic 
characl  bion,  ind  in  general  to  ascertain  the 

probable  value  of  the  indications  of  the  present   invi 
tion  as  to  those  subdivisions  of  the  circle  for  which  the 
ons  have  not  been  measured. 

Let  as  now  suppose  (what   is  undoubtedly  true)  thai   the 

subdivisions  of  a  degree  bave  been  marked  upon  the  circle 

b\  means  of  a  scale,  of  which  the  zero  in  each  instance  has 

o  coincide  as  nearly  as  possible  with  the  smaller 

numbered  of  the  limit  i  lines.     For  instance,  in 

subdividing  the  space  284°  to  285",  the  initial  zero  of  the 

ist  probably  applied  to  284    0'.     This  is  evident 

from   the  fact  that  the  space  284°  58'  to  285  0'  has  been 

2  li\  nearlj  2".     There  a  I  bough 

aces  of  t  bis  kind. 

\  •■_ ■: \  the  division-corrections  of  these  circles  may 

be  considered  to  Ik*  a  combination  of  three  sourcesof  error: 

error  in  placing  the  assumed  zero  of 
the  scale  at  the  proper  angular  distance  from  the 
assumed  zeroof  graduation,  —  here  termed  funda- 
mental corrections ; 
.  i  recti. .a  for  errors ,.('  spacing  in  the  subdivisions 
of  the  scale  which  was  copied; 

errors  from    \\  batever  source  in  the 

I sess  of  cop]  ■ 

Let  the  zero  of  reference  for  the  scale  be  defined  i 
mean  of  the  lines  0',  10',  20',  30',  10 '  and  50' of  the  scale. 
ed   fundamental  corrections,  <<.  of  the  circles, 

will  thi  mof  1  rections  actually  determined 

for  thesis  point-  in  thi  ot    1"'.     The 

etermined  for  each  of  the  circles,  appear 
in  the  following  table. 

l'l  \  D  V  MENTAL    1  llVISION-t  !oi  =   «. 

R  A  13  K  A  B  E  A  1! 


'1 

0.06 

0.07 

16 

0.04 

0  L0 

32 

0.04 

-0.10 

1 

0.29 

0.22 

17 

0  nl 

33 

-0.07 

+0.02 

9 

o.:;:; 

18 

-0.43 

0.08 

34 

f0.08 

-0.20 

3 

0.57 

0.44 

19 

0.34 

.mi 

35 

0.09 

0.19 

4 

0.19 

0.38 

L*n 

0.00 

-  0.08 

36 

0.18 

0.31 

5 

0.16 

0.21 

L'l 

0.26 

0.01 

37 

0.21 

0.26 

6 

0.19 

0.15 

22 

0.1  1 

0.04 

38 

0.21 

0.30 

7 

0.21 

0.02 

23 

0.20 

0.05 

39 

0.1  1 

0.06 

i 

0.42 

24 

0.03 

in 

0.26 

n.ll 

0.21 

25 

•  0.36 

■f-0.02 

11 

0.30 

<|.17 

L0 

0.4  1 

26 

0.21 

-0.03 

12 

0.43 

0.03 

11 

0.31 

27 

0.03 

13 

0.30 

0.36 

12 

0.30 

0.06 

28 

0.32 

0.05 

11 

0.45 

0.18 

13 

0.03 

29 

•  0.10 

0.16 

15 

0.51 

0.31 

.00 

30 

-0.13 

0.03 

16 

0.36 

0.32 

15 

-0.1  1 

:;l 

17 

-0.28 

IS 

+0.32 

0.26 

62 

•  0.22 

0    3 

76 

+0.11 

-0.41 

19 

0.39 

0.12 

63 

-0.03 

0.54 

77 

0.30 

0.33 

50 

0.41 

|  mil 

64 

0.03 

0.44 

78 

0.22 

0.31 

51 

0.46 

-0.23 

65 

1  0.11 

0.29 

79 

0.03 

0.07 

52 

0.37 

0.12 

66 

—0.02 

ii  29 

80 

0.30 

0.16 

53 

0.46 

0.25 

(17 

1  0.04 

0.43 

81 

0.33 

0.02 

.M 

0.53 

0.24 

68 

0.18 

0.30 

82 

0.32 

0.20 

.">."> 

0.38 

0.31 

69 

+0.09 

0.16 

83 

0.24 

+0.08 

56 

0.38 

0.36 

7(i 

0.07 

0.16 

84 

0.38 

0.04 

57 

0.53 

0.34 

71 

0.18 

0.38 

85 

0.20 

0.18 

58 

0.54 

0.43 

-•> 

0.35 

0.34 

86 

0.05 

0.26 

59 

0.36 

0.23 

73 

0.39 

hi  l 

87 

0.27 

0.16 

60 

0.65 

0.32 

71 

0.23 

0.48 

88 

0.01 

0.24 

61 

+0.08 

-0.37 

75 

t  0.37 

(».17 

89 

+0.09 

-0.12 

Contemplation  of  the  1080  known  corrections,  arranged 
in  groupsof  six  in  each  degree  upon  our  Computation  sheets, 
bears  most  striking  and  convincing  testimony  as  to  evident 
systematic  progression  in  the  values  of  a,  but,  at  the  same 
time,  also  to  the  fact  that  several  of  the  larger  changes 
in  the  application  of  a  as  a  correction  are  real,  —  the  sys- 
tematic correction  becoming  discontinuous  between  ;">()■'  and 
fin',  and  probably  between  58' and  60'.*  Under  these  cir- 
cumstances, and  owing  to  the  small  probable  error  (0".03  ±  ) 
of  the  values  of  a,  it  is  decided  to  use  them  directly,  though 
it  might  have  been  preferable  at  some  points  to  ail  just  them 
to  a  curve  of  collection. 

As  to  the  errors.  /-,  due  to  the  systematic  errors  of  the 
scale  employed  in  subdividing  degrees,  there  exist  two 
sourcesof  evidence.  First,  as  to  the  nature  of  the  error 
and  the  possibility  of  defining  it  short  of  an  investigation 
of  the  entire  circle,  we  bave  the  testimony  afforded  by  the 
In' arcs.  The  observed  systematic  corrections  for  the  L0' 
lines  may  be  ascertained  by  subtracting  the  correction,  a, 
from  the  actually  observed  corrections  for  each  of  the  cor- 
responding lines.  The  mean  of  a  large  number  of  these 
residuals,  corresponding  respectively  to  the  successive  lines, 
ii'.  10',  20',  30',  in',  and  50',  ma\  be  regarded  as  quite  free 
from  casual  errors,  c,  the  maker's  error  of  copying,  and 
from   the  similar   errors   in   the    present    d  ions   of 

the  individual  corrections.     The  observed   results  for  the 
systematic  corrections,  b,  for   10' arcs  collected  in 
embracing     ten     single    determinations    in     each,    are    ap- 
pended. 


*Dr.  Ai  webs,  in  the  coursi  i  I  a  comparison  of  the  two  Berlin 
zones,  deduced  from  observations  upon  two  different  Pis.torand  Mar- 

rcles,  has  shown  (Cat.  der  Ast.  Ges.,  Elfti  s  Stuck,  i>.  117)  that 
at  declination,  21°,  there  is  a  sudden  change  of  0".7  in  the  relation 
of  the  declinations  of  the  two  series  of  observations.  In  our  Circle 
A,  in  one  positionof  the  instrument,  such  changes  of  relation  to  a 
series  of  perfect  observations  might  originate  from  uncorrected  errors 

luation.     Changes  of  0*. 7,  or  0'. 8  occur  at  Z.D.'s  15°,  25  and 

75-.  with  smaller  changes  at  other  points;  and  tl fleet  of  these 

extend  to  SO' each  side  ot  the  poinl  oi  change,— often  to  a  much 
greater  distance. 
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I/IBCLE  A 

1! 

0' 

10' 

20' 

80' 

40' 

50' 

5° 

+  o'!i3 

-(US 

+o!o8 

+0.04 

+o"oo 

-0.15 

15 

0.16 

0.14 

0.15 

0.05 

0.00 

0.21 

25 

0.00 

0.16 

0.16 

0.01 

+  0.09 

0.19 

35 

0.15 

0.23 

0.17 

0.10 

—  0.02 

0.16 

45 

0.12 

0.17 

0.16 

0.08 

0.00 

0.19 

55 

0.00 

0.16 

0.15 

0.12 

+  0.05 

0.14 

65 

0.10 

0.17 

0.15 

(>.<)4 

+  0.07 

0.19 

75 

0.16 

0.10 

0.20 

0.01 

-0.06 

0.23 

85 

+0.16 

-0.15 

+  0.15 

+0.03 

-0.04 

-0.14 

Means 

+  0.12 

-0.16 

+  0.15 
Circle  F> 

+  0.06 

+  0.02 

-0.18 

R 

0' 

10' 

20' 

SO' 

40' 

50' 

5° 

+o!o7 

-0.11 

+  0.12 

+0.21 

-o'!io 

~o!l9 

15 

0.06 

0.15 

0. 1 2 

0.22 

0.08 

0.16 

25 

0.07 

0.11 

0.10 

0.16 

0.00 

0.13 

.35 

0.07 

0.14 

0.11 

0.17 

0.10 

0.11 

45 

0.14 

0.00 

0.10 

0.14 

0.08 

0.21 

55 

0.04 

0.19 

0.14 

0.15 

0.03 

0.12 

05 

0.09 

0.17 

0.14 

0.17 

0.03 

0.20 

75 

0.08 

0.13 

0.12 

0.16 

o.os 

0.16 

85 

+  0.08 

—  0.09 

+  0.11 

+  0.14 

-0.07 

—0.18 

Means 

+0.08 

-0.13 

+  0.12 

+  0.17 

-0.07 

-0.16 

Means  of 
A  ami  B 

+  0.10 

-0.15 

+  0.13 

+  0.11 

-0.03 

-0.17 

The  agreement  of  these  eighteen  separate  determinations 
of  the  systematic  corrections  for  the  10'  arcs  is  very  striking, 


and  fully  confirms  theopinion  in  regard  to  the  excellence  oi 
the  graduations  which  I  have  expressed  in  the  preceding 
article  (.l../.:;.x:;.  ,,,,.  i«is,  199.)  Perhaps  there  is  really  a 
small  systematic  difference  between  the  two  circles  as  to 
the  graduations  at  30' and  10'.  But  the  difference  from 
the  adopted  mean  is.  in  linear  measure,  less  than  0.13/x,  or 
0ln000005,  and  should  be  attributed  to  some  small  difference 
in  polish,  or  illumination,  of  the  scale  at  different  times, 
rather  than  to  different  scales.  These  tables  are,  therefore, 
held  to  indicate  that,  as  to  the  remaining  unknown  correc- 
tions for  subdivisions  of  the  10'  arcs,  one  may  assume, 
without  material  error,  that  the  systematic  corrections 
would  be  the  same  for  both  circles,  and  that  these  can  be 
usefully  determined  from  a  limited  number  of  observations. 

In  1880,  the  division-corrections  for  each  line  of  Circle  A, 
within  the  limits,  37°  20'  to  42"  0',  and  in  corresponding 
portions  of  the  other  three  quadrants,  were  ascertained. 
The  corrections  deduced  for  the  lines,  2',  4',  6',  8',  12',  etc., 
have  recently  been  deduced  anew  from  the  same  material 
of  observation,  but  upon  the  much  improved  basis  of  the 
new  individual  corrections  for  the  lines  at  multiples  of  10', 
obtained  in  1895-6.  The  probable  error  of  determination 
of  the  interpolated  lines  for  the  mean  of  four  microscopes 
is  taken  to  be  ±  0".06.  If,  now,  from  these  corrections  there 
be  subtracted  the  fundamental  corrections,  a,  for  the  respec- 
tive degrees,  combining  the  four  quadrants  in  one  result, 
we  shall  have  the  following  table  of 


Observed  Systematic  Scale-Errors    =   b. 


38 
39 
40 
41 


0' 

+  0^35 
0.08 
0.08 

+  0.28 


+0.39 

0.25 
0.31 

+  0.02 


Means  [  +  0.10]    +0.24 


+  0.27 

0.00 

+0.12 
-0.13 

+  0.08 


6' 

+  0.31 

0.13 

0.12 

+0.05 

+0.15 


+  0.27     ■ 

-0.09 

+  0.30 
-0.02     • 
+  0.12  [■ 


10' 

-0.02 
0.17 

0.00 

■0.45 
■0.15 


in' 
+  0T9 

+  0.01 

+  0.16 
—  0.10 

+  0.06 


14' 


+  0.22 

O.09 

+  0.17 

-0.02 

+  0.12 


10' 

+  o''.32 
0.23 
0.51 

+  0.21 

+  0.32 


18' 

+  0.54 

0.31 

0.38 

+  0.13 

+  0.34 


37 

38 
39 
40 


20' 

+o"io 

0.22 
0.15 
0.24 


-0.13 

0.00 

+  0.11 

+  0.14 


24' 


0.06 
0.09 
0.06 


20' 


28' 


30' 


-0.03 
-0.09 
-0.02 


0.21     -0.04 
0.28     +0.27 


0.37 


0.12 


32' 


-0.12      -0.05      +0.20      +0.08      +0.25 


0.00 

0.28 
0.23 


34' 

+  o"o7 

-0.02 

+  0.21 

0.10 


36' 

-0"08 
0.20 
0.08 
0.10 


41     +0.03     -0.10     -0.17     -0.13     +0.19     +0.20     +0.10     +0.03     -0.17 


38' 

-0T4 
0.11 

-0.07 

+  O.OS 

-0.19 


Means   [  +  0.13]       0.00     -0.10     -0.03     +0.27  [  +  0.11]    +0.18     +0.08     -0.15     -0.09 


37 

-0.04 

0.00 

-0.18 

-0.12 

—  0.02 

-0.14 

+  0.12 

-0.04 

+  O.00 

+  0.15 

38 

0.03 

-0.11 

0.13 

0.33 

0.13 

0.49 

-0.13 

0.2!) 

-0.20 

-O.OL' 

39 

-0.08 

0.18 

0.30 

0.35 

0.11 

0.22 

0.22 

0.25 

0.15 

0.07 

40 

+  0.01 

0.04 

0.30 

0.36 

-0.23 

0.37 

o.  II 

O.20 

O.OS 

0.21 

41 

+  0.05 

—  0.07 

-0.13 

-0.02 

+  0.11     - 

-0.10 

-0.16 

-0.32 

-0.26 

-0.12 

U1S 

[-0.03] 

-0.08 

-0.21 

-0.24 

.ii. os   [. 

-0.17] 

-0.17 

-0.23 

-0.13 

-0.05 

The  quantities  in  brackets  are  taken  from  the   previous 
tables  for  10'  arcs. 


The  systematic  character  of  the  residuals  is  apparent  at 
glance.     The  means,  as  they  appear  in  the  table,  have 
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it  rections,  b, 

and  bli  e  errors  (by  comparison  of  pairs  of  sepa- 

0".(H  Q     i38     for  bhe 

•  ■   •  "  .0  l 

of  time,  the  determina 

I  divisions  is  likel}  to  ai  I  urtlier 

evident 

inquire  with  what  precision  the  rrors  of 

i     i  les  may  In-  i 
combination  of  the  fundamental  corrections,  a,  with    the 

i  lie  maker's 
copj  ing  the  scale  :  i ".  the  probable  ei  ror 
:  he  correcl  ion  to  the  mean  o 
/      i  ■  .■  • 
I  ...  in  ploy  ed    to    indicate  an    observed 

divisio  i  of  this  paper.     The  arcs  thai  are  mult i- 

i  ■    afford   1080  values  oi  ■'.  of  which  the  probable 
value  is  ±0".073.     Butwehave:    <■-  =  >■'■  —  <■"-.    Thevalue 
of  '•"  is  certainly  not  materially  less  than  ±0".04,  and  there- 
.<■  value  of  c  is  not   mai  iter  than  ±0".06. 

Brmed  1>\  tl  of  the  few  21  arcs, 

which  give,     c=  ±V(0.086)2— (0.06)2  =  ±0".06. 

of   /  for  the  mull  iples 

of  in'  only  six  values  of  ••'  exceed  0".3;  the  largesl  is  0".38. 

Therefore,  only  once  in  a  thousand  instances  should  c  be 

than  0".3,  and  only  once  in  ten  times,  greater  than 

0".15.     This  means  thai  probably  the  maker  did  notcommil 

an  error  of  copying  an  individual,  single,  line  much  greater 

any  instance,  and  onlj  once  in  ten  lines 

than  one   forty-thousandth   "I  an  inch. 

Tin-re  are  21600  lines  on  the  two  circles. 

Id  the  present   investigation  be  extended   to  all  the 

lines  (nol  at  all  likely  i,  it   may  be  assumed  thai  unless  the 

true  probable  error  ..i   determination  is  brought  down  to 

ork  would  h  less. 

I     hall  assume  that,  for  all  arcs  for  which  the  individual 

■urns  have  been  determined,  excepl   for  the  2' arcs, 

robable  error  is  not  greater  than  ±0".05;  and  as  to 

the  ares  for  which  tion  is  predicted  by  mean-  of 

ormula,      J  =  a+b,       thai    the    probable   error   is 

/•  =  ±Ve,i+tls+'-.     Making  the  proper  substitutions  we 

tV(0.03  •  •   "oi-  =   ±0".08. 

I    i    tccuracy  of  the  graduations  of  the  Olcotl    Meridian 


<  lircle,  especially    for  Cin       B,   i     m; I  j    of  the  first 

■  l ly  a   limited  number  ol  circles 

Bui  with  relation  to  such  of  these  as  were  made 
by   Pistok  and    Martins,  and  very   probably  in  others  of 
i   makers,  it   appears  that  the  following 
conclusions  among  oi  hers  max  apply! 

1 .     The  s;  1 1  ors  are  an  important    pari   of  1  he 

rror  of  graduation :    and  they  can  lie  ascertained  by 

■  m-hi  to  lie  considered  reasonable. 

Astronomers  should  show  at  least  as  much  interest  in  this 

matter  of  accuracy  as  instrument-makers  evidently  'in. 

-.  Granting  that  the  systematic  errors  have  been  well 
ascertained,  the  determination  of  individual  corrections 
serves  no  adequately  useful  purpose  unless  the  real  proba- 
ble error  of  determination,  differentially,  is  decidedly  less 
than  ±0".06.  II'  the  probable  error  is  materially  greater 
thanthis.it  is  positively  disadvantageous  to  employ  indi- 
vidual corrections  as  determined. 

:!.  Astronomers  should  require  a  description  of  the 
essential  points  in  the  process  l>y  which  their  circles  have 
been  graduated,  so  that  the  investigation  of  their  system- 
atic errors  may  he  conducted  in  the  most  intelligent,  eco- 
nomical and  effective  way. 

The  system  of  subdividing  circles  by  means  of  scale-  is 

to  be  commended  on  account  of  the  ease  and  certainty  with 
which  the  systematic  corrections  can  he  ascertained.  This 
is  assumed  to  he  true  under  the  supposition  that  such 
scales  can   In-  copied  as  accurately  as  evidently  has  been 

the    case   with    t  he   A  lhany  < 'ircles.       Let     the     pinnaiy      Call 

he  a  standard  circle  graduated  to  III'  with  the  utmost 
attainable    accuracy    and    repeatedly    verified.     The    first 

operation  would    he    to    copy     this    circle    quickly.       Let  one 

of  the  In  arcs  of  the  engine-circle  he  subdivided  to  degrei 
to  be  copied  upon  each  one  of  the  In  space-  of  the  circle 
to  he  graduated.  In  the  same  manner,  let  an  arc  ot  cm. 
degree  he  provided  upon  the  engine-circle  Eor  the  subdivi- 
sion of  degrees.  In  this  system  it  should  be  so  arra 
that  the  same  scales  (of  large  radius  i  would  serve  for  the 
graduation  of  all  circles,  whatever  their  radii,  [investigation 
of  the  engine-circle  itself,  and  subsequent  investigations  oi 
the  circles  graduated  ly  it.  would  soon  afford  a  mass  of 
accurate  and  valuable  information  in  regard  to  this  partic- 
ular system  of   circles,  and.  in  the  course  of  time,  the  labor 

of  investigating  a  new  circle  would  he  reduced  to  its  lowest 

terms. 
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CORRIGENDUM. 

-  =  +00°  50'  15  .6    put         V  .ii; ".-  and  00°  57'  50".9. 


CONT  I .  \ T S  . 
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It  is  now  more  than  two  hundred  years  since  mathema- 
ticians began  to  apply  the  principles  of  the  universal 
gravitation  of  matter  to  the  explanation  of  the  observed 
irregularities  in  the  motions  of  the  moon  and  planets;  and, 
while  their  efforts  have  been  attended  with  very  gratifying 
success  during  this  long  period,  there  are  still  some  small, 
though  important  perturbations  to  be  accounted  for.  In- 
deed, the  discrepancies  between  theory  and  observation  at 
times  have  been  of  such  a  serious  character  as  to  render 
somewhat  doubtful  the  correctness  of  the  law  of  universal 
gravitation,  as  announced  by  Sir  Isaac  Newton.  But  the 
persistent  efforts  of  mathematicians  have  gradually  over- 
come the  difficulties  of  the  problem  ;  and  at  present  there 
are  only  two  inequalities  of  a  serious  nature  remaining,  to 
be  accounted  for ;  one  of  which  relates  to  the  motion  of 
the  moon,  and  the  other  to  that  of  the  planet  Mercury. 

The  first  serious  discordance  between  theory  and  obser- 
vation which  confronted  mathematicians,  after  the  an- 
nouncement of  the  law  of  universal  gravitation  by  Newton, 
related  to  the  motion  of  the  moon's  apogee.  This  was 
found  by  Newton  and  his  immediate  successors  to  be  only 
about  one-half  of  what  it  was  known  to  be  by  observation  ; 
and  a  period  of  sixty  years  elapsed  after  the  publication  of 
the  Principia  in  1687,  before  the  oversight  committed  in 
the  calculation  was  detected  and  corrected.  But  in  the 
meantime  the  discrepancy  between  observation  and  calcu- 
lation had  been  attributed  to  a  defect  in  the  law  of  gravi- 
tation rather  than  to  an  erroneous  or  defective  calculation. 
It  was  then  found  by  Claikaut  that  when  the  first  calcu- 
lation was  corrected  by  the  addition  of  the  terms  arising 
from  the  square  of  the  sun's  disturbing  force,  the  theory 
would  be  found  to  agree  very  nearly  with  observation. 
This  was  the  first  great  triumph  of  the  theory  of  universal 
gravitation. 

The  second  great  discrepancy  between  theory  and  ob- 
servation related  to  the  motions  of  Jupiter  and  Saturn. 
Observations    of    these    two  planets    seemed    to    indicate 


that  one  of  them  was  perpetually  retarded  in  its  motion 
around  the  sun,  while  the  other  was  in  like  manner  accele- 
rated ;  and  it  was  an  object  of  importance  to  ascertain 
whether  these  changes  were  merely  temporary,  or  would 
always  continue  in  the  same  direction.  It  is  well  known 
that  LaPlace  subsequently  explained  the  cause  of  these 
inequalities  in  the  motions  of  Jupiter  and  Saturn,  by  show- 
ing that  there  was  an  equation  arising  from  the  mutual 
action  of  these  two  planets,  and  having  a  period  of  more 
than  nine  hundred  years.  This  equation,  although  of  the 
third  order  with  respect  to  the  eccentricities  of  the  orbits 
of  those  two  planets,  derived  its  great  value  and  impor- 
tance from  the  near  commensurability  of  their  mean  mo- 
tions,— -five  times  the  mean  motion  of  Saturn  being  rery 
nearly  equal  to  twice  the  mean  motion  of  Jupiter.  This 
equation  showed  why  the  mean  motions  of  those  two 
planets  should  be  alternately  accelerated  and  retarded.  At 
one  time  these  phenomena  seemed  to  be  incompatible  with 
the  law  of  universal  gravitation,  but  they  subsequently 
became  one  of  the  strongest  proofs  of  its  correctness ;  and 
thus  occasioned  a  second  great  triumph  of  the  law  of  uni- 
versal gravitation. 

A  third  subject  of  triumph  related  to  the  motion  of  the 
moon.  The  first  discussion  of  the  question  took  place 
in  the  year  1693,  when  Dr.  Edmund  Halley,  in  the 
discussion  of  some  ancient  eclipses,  discovered  that  the 
moon  was  then  moving  more  rapidly  than  she  did  in  ancient 
times.  This  conclusion  of  Dr.  II alley's  was  confirmed 
about  a  half  a  century  later  by  the  researches  of  Dun- 
thorne;  and  the  most  celebrated  mathematicians  of  that 
day,  Euler  and  LaGrange,  undertook  the  difficult  task  of 
explaining  the  cause  of  the  acceleration  by  the  principle  of 
universal  gravitation.  But  they  were  unable  to  find  any 
equations  of  a  secular  character  arising  from  that  cause  ;  and 
as  usual  in  such  cases  attributed  it  to  other  causes  than  that 
of  gravitation,  rather  than  to  an  oversight  in  their  own 
calculations ;  and  it  was  not  accounted  for  until  the  year 
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L787,  when  l.\l'i  ice  proved  that  it  was  a  Legitimate  effect 
principle  of  universal  gravitation.  LaPi  \<  v.  a1  the 
sum.'  time,  showed  that  the  motions  of  the  perigee  and 
nodes  of  the  moon's  orbit  were  also  subjected  to  secular  in- 
equalities arising  Eroro  the  same  cause,  although  uo  Buch 
Jities  had  been  discovered  by  observation.  All  these 
secular  inequalities  which  were  discovered  bj  LaPlace 
were  subsequently  confirmed  by  other  investigators;  and 
it  was  firmly  believed  thai  the  mathematical  theorj  oi  the 
moon's  motion  was  fully  perfected. 

But  notwithstanding  these  great  improvements  in  the 
mathematical  theory  of  the  moon's  motion,  LaPlace,  aboul 
a  century  ago,  made  the  following  statement  in  the  Intro- 
duction to  his  Theory  of  the  Moon  : 

••The  numerous  comparisons,  which  Bi  bg  and  Botjvard 
have  made,  of  M  lson's  tables,  w  ith  the  observations  of  the 
moon;  at  the  end  of  the  seventeenth  century,  by  LaHire 
and  l'i.  \m- 1 1  ri. ;   in  the  middle  of  the  eighteenth  century 

by  I'.i;  wo  i  i  ]  1  the  uninterrupted  series  of  observations 

of  Maskelyne,  from  the  time  of  Bradley  to  the  year 
L800,  give  a  result  which  was  wholly  unexpected.  The 
observations  of  LaHire  and  Flamsteed,  being  compared 
with  those  of  Bradley,  indicate  a  secular  motion  exceed- 
in-  li\  fifteen  Or  twenty  centesimal  seconds  that  which  is 
i  d  in  the  third  edition  of  L  sXande's  astronomy,  .... 
while  Bradley's  observations,  being  compared  with  the 
last  ones  of  M  askelyne,  give,  on  the  contrary,  a  smaller 
secular  motion,  by  at  least  one  hundred  and  fifty  centesimal 
ds  :  and  lastly,  the  observations  made  within  the  last 
fifteen  or  twenty  years  prove  that  the  diminution  of  the 
moon's  motion  is  now  decreasing.  Hence,  it  becomes  neces- 
sary to  varj  incessantly  the  epochs  of  the  tables ;  and  it  is 
an  object  of  importance  to  correct  this  imperfection.  This 
evidently  indicates  the  existence  of  one  or  more  inequalities 
of  long  period  in  the  moon's  motion  which  the  theory 
alone  can  point  out." 

Such  is  the  statement,  by  the  great  master  of  mathe- 
matical astronomy,  of  the  problem  which  has  confronted 
matin-  Miring   the  past  one  hundred  years;  and 

which,  according  to  a  recent  statement  by  Prof.  Xewcomb, 
who  has  given  a  good  deal  of  attention  to  it  during  the 
r  of  a  century,  is  no  nearer  to  a  solution  than 
when  it  was  left  by  LaPlace  ;  and  such  is  the  problem  of 
which  the  writer  has  undertaken  to  give  the  solution. 

In  this  connection  it  is  proper  to  observe  that  the  longi- 
tude oft/ir  i-fioi-h  is  found  by  adding  the  mean  anomaly  to 
the  longitude  of  the  perigee  at  the  same  epoch,  so  that  the 
the  epoch  and  the  longitude  of  the  perigee  are 
Conner  relation.     From  this  it  follows  that 

the  mean  li  Mi. -epoch  would  Vie  equally  affected 

by  a  pert  arbation  of  the  mean  longitude  of  the  moon,  or  by 
an  equivalent  perturbation  of  the  longitude  of  the  perigee. 


Now  the  writer  gave,  seven  years  ago  in  Nos.  220  and  L'L'l 
of  this  Journal,  a  direct  computation  of  the  secular  motion 

of  the  moon's  perigee,  from  which  it  appeared  that  the 
terms  of  that  motion  which  were  multiplied  by  the  square 
of  the  time  should  be  added  to  the  mean  motion  of  the 
perigee,  instead  of  being  suhtnirtrd  from  it  as  found  by 
LaPlace  and  all  subsequent  investigators.  At  that  time  I 
found  that  the  secular  term  in  the  motion  of  the  perigee  was 
equal  to  +  l.V'.<il  .  /-',  i  denoting  centuries;   while  LaI'i  Li  i 

gave  —  30".55.  /'-'  for  the  same  term.  1  have  since  employed 
my  value  of  the  secular  motion  of  the  perigee,  in  the  com- 
putation of  a  large  number  of  ancient  eclipses,  and  have 
found  a  much  better  agreement  with  the  traditions  con- 
cerning them  than  would  result  from  LaPlace's  value  of 
that  acceleration. 

The  accurate  computation  of  the  motion  of  the  moon's 
perigee  is  unquestionably  the  most  intricate,  problem  con- 
nected with  the  lunar  theory;  and  my  first  attempt  to 
determine  the  secular  terms  of  that  motion  was  only  par- 
tially successful.  But  during  the  past  year  1  have  made  a 
complete  revision  of  all  my  former  computations  on  the 
lunar  theory  ;  and  I  now  find  that  my  first  computation  of 
the  secular  term  in  question  was  considerably  erroneous. 
The  error  arose  from  two  causes.  A  part  of  it  was  oc- 
casioned by  one  term  of  the  formula  being  just  double  its 
true  value;  and  the  other  part  was  occasioned  by  overlook- 
ing a  number  of  terms  which  contributed  largely  to  the 
coefficient.  I  have  now  examined  the  subject  with  great 
care ;  and  I  find  that  the  secular  motion  of  the  perigee 
should  be  +.">.'!". 77  .  /'-'  instead  of  + 15".61 .  i-  as  first  found. 
The  new  value  of  the  coefficient  retains  the  same  sign  as 
the  old,  and  is  nearly  three  and  one-half  times  as  large. 
If  this  term  is  approximately  correct,  it  shows  that 
LaPlace's  secular  term  should  be  increased  by  +84".  i2;. 
and  if  his  secular  term  is  wrong  by  that  amount,  it  would 
necessarily  follow  that  the  epochs  of  the  tables  must  inces- 
santly change. 

It  may  be  said,  however,  that  LaPlace's  value  of  the 
secular  equation  is  more  probably  correct  than  my  own.  be- 
cause his  results  have  been  confirmed  by  the  independent 
computations  of  other  investigators.  In  fact  Prof.  New- 
comb  lays  much  stress  on  the  accuracy  of  computations 
which  have  been  thus  confirmed;  and  I  fully  agree  with 
him  in  so  far  as  the  detection  of  accidental  errors  is  con- 
cerned. But  the  case  is  different  when  there  are  systematic 
errors  to  be  taken  into  consideration;  and  a  solution  of  a 
problem  might  be  theoretical!}  exact  when  affected  by  sys- 
tematic errors ;  and  the  results  might  be  very  different 
from  what  they  would  have  been  had  the  systematic  errors 
been  first  eliminated. 

Systematic  errors  are  frequentl]  introduced  into  a  prob- 
lem by  reason  of  some  assumption  or  theory  on  the  pari  oi 
an   investigator,   for   the   purpose   of  simplification,  or   in 
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order  to  evade  some  difficulty  so  as  to  render  a  solution 
possible.  If  such  assumption  is  nearly  correct  the  result- 
ing solution  of  the  problem  will  not  differ  greatly  from  the 
truth  ;  but  otherwise  the  results  might  be  wholly  erroneous. 
<  >n  this  subject  LaPlace  speaks  with  extreme  caution 
when  he  says:  "Astronomy, considered  in  the  most  general 
manner,  is  a  great  problem  of  mechanics  in  which  the  ele- 
ments of  the  motions  are  the  arbitrary  constant  quantities. 
The  solution  of  this  problem  depends,  at  the  same  time, 
upon  the  accuracy  of  the  observations,  and  upon  the  per- 
fection of  the  analysis.  It  is  very  important  to  reject  every 
empirical  process,  and  to  complete  the  analysis  so  that  it 
shall  not  be  necessary  to  derive  from  observations  any  but 
indispensable  data."  And  again,  "Such  is  the  weakness 
of  the  human  mind,  that  it  often  requires  the  aid  of  a 
theory  to  connect  together  a  series  of  observations.  If  we 
restrict  a  theory  to  this  use,  and  take  care  not  to  attribute 
to  it  a  reality  which  it  dors  not  jwssrss,  and  afterwards 
frequently  rectify  it  by  new  observations,  we  may-  finally 
discover  the  true  cause,  or  at  least  the  laws  of  the  phe- 
nomena." 

It  is  difficult  to  state  more  explicitly,  or  with  greater 
precision  and  clearness,  the  causes  which  may  contribute  to 
vitiate  the  solution  of  a  complicated  mathematical  problem; 
and  I  shall  now  show  that  LaPlace  and  his  successors,  in 
their  respective  theories  of  the  moon,  have  not  strictly  con- 
formed to  the  above  statement  of  the  principles  which 
should  govern  the  solution  of  physical  problems. 

The  solution  of  the  problem  of  finding  the  motion  of  one 
body  around  a  second  body,  when  the  motion  is  disturbed 
by  the  attraction  of  a  third  body,  requires  the  integration 
of  three  differential  equations  of  the  second  order,  in  which 
the  constants  of  integration  are  functions  of  the  elements 
of  the  orbit  of  the  disturbed  body.  These  differential 
equations  do  not  contain  the  time,  t,  explicitly,  but  merely 
its  differential,  dt ;  and  the  constants  of  integration  cor- 
respond to  the  osculating  elements  which  exist  at  the  par- 
ticular instant  for  which  the  differential  equations  are 
given.  Now  these  osculating  elements  would  be  rigorously 
constant  through  all  time  if  there  were  no  disturbing  forces. 
But  since  there  are  disturbing  forces,  these  elements  or  con- 
stants change  from  one  instant  to  another,  and  the  general 
effect  of  these  forces  is  to  produce  a  moveable  orbit  with- 
out changing  its  form.  The  elements  of  the  orbit  are 
therefore  rigorously  constant  in  the  differential  equation, 
but  they  would  vary  in  the  integrals  of  these  equations. 
Now,  it  has  been  the  custom  with  mathematicians  to  as- 
sume that  the  perigee  and  nodes  of  the  moon's  orbit  are  in 
motion  from  the  outset;  or,  in  other  words,  that  the  con- 
stants introduced  by  the  integrations  are  really  variable. 
The  theoretical  effect  of  this  assumption  is  to  introduce 
into  the  expanded  differential  equations,  terms  depending 
on  the  variations  of  those  elements  ;  and  the  integration  of 


these  expanded  differential  equations  requires  the  integral 
to  be  of  a  form  involving  the  same  assumption.  But  the 
■practical  effect  is  to  slightly  modify  the  coefficients  of  all 
the  equations  of  short,  period  depending  on  the  configura- 
tion of  the  different  bodies.  In  fact  it  makes  the  coef- 
ficients of  the  equations  depending  on  perturbation  all 
more  or  less  empirical.  It  is  far  different,  however,  in 
regard  to  its  effect  on  the  secular  equations.  The  assump- 
tion of  the  motion  of  the  perigee  and  nodes  of  the  lunar 
orbit  enabled  LaPlace  to  calculate  the  mean  motion  of 
those  elements  with  a  good  deal  of  precision,  by  an  indirect 
process;  but  the  equations  by  which  they  were  determined 
would  have  had  no  existence,  except  for  the  empiricism  by 
which  they  were  created.  They  also  give  secular  changes 
in  the  moon's  mean  distance ;  also  in  the  eccentricity  and 
inclination  of  its  orbit ;  whereas  a  direct  calculation  shows 
that  there  are  no  secular  terms  affecting  these  elements. 
The  secular  equation  of  the  mean  motion  arises  from  a 
secular  term  in  the  expression  for  the  radius  vector,  instead 
of  the  mean  distance  ;  but  this  distinction  is  unimportant 
except  from  a  theoretical  point  of  view. 

A  single  example  will  suffice  to  illustrate  these  general 
considerations.  In  the  Mecaniqiie  Celeste,  book  II,  chap.  II, 
LaPlace  gives  the  following  differential  equation  between 
the  coordinates  r,  v  and  9  and  their  differentials,  the  ele- 
ment of  time  dt  and  the  force  [ -=— i ; 
\duj 


a  I  r-  cos-0  — 
V.  dt 

dt 


(1) 


ra  cos20 


/(f 


dt 


(2) 


The  integral  of  this  equation  is 
dv 

dt~C^J\, 

c  being  the  arbitrary  constant  quantity.  But  if  we  sup 
pose  c  to  be  variable,  equation  (2)  would  give  by  differenti- 
ation, 

dv' 


d   r'2  cos2  Q 


dt 


dc       f'!(,> 
Tt+\dr7 


(3) 


Now  equation  (3)  cannot  be  true  unless 


=  0, 


which  case  it  becomes  identical  with  equation  (1),  from 
which  it  was  first  derived  by  integration.  We  must,  there- 
fore, in  the  solution  of  the  differential  equations  regard  the 
elements  as  rigorously  constant.  These  considerations  are 
of  importance,  since  a  mathematician  of  very  high  order 
(the  late  Prof.  J.  C.  Adams)  has  maintained  that  every 
variable  element  that  enters  into  the  conditions  of  a  prob- 
lem should  be  treated  as  variable  in  all  the  differentiations 
and  integrations  which  arise  in  the  solution  of  the  problem. 
This  unfortunate  conception  has  been  the  occasion  of  much 
controversy,  and  has  led  to  many  curious  and  erroneous  re- 
sults, some  of  which  it  may  be  proper  here  to  point  out. 
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Among  bhese  m  alts  may  be   mentioned   the 

secular  acceleratiot  -   mean  motion  bj    Prof. 

AdamSj  which  was  published  in  the  Philosophical  Trans- 
iety,  for  L853;  and  which  was  the 
occasion  of  an  exciting  controversy  among  European  astron- 
eral  years  afterwards.  Then  there  is  the 
inequality  of  long  period  in  the  moon's  motion  arising  from 
the  action  o  tiich  was  discovered  by  Hansen,  in 

is  17.  The  coefficient  of  this  inequality  is  equal  to  -f-16".0, 
according  to  the  investigations  of  II  lnsen  and  Delaunai  : 
but  it  would  be  only  +0".018,  if  freed  from  empiricism; 
;mj  y,  in  Vol.  V,  part  III,  of  Astro- 

nomical Papers  prepared  for  tin  use  of  the  Arm  rican  Ephem- 
&  Nautical  Almanac,  which  was  published  in  L894, 

Cleveland.  1891  April  22. 


that,  ••  The  most  rigid  examination  into  the  subject  has  failed 
to  show  the  possibility  of  any  error  in  II  utsen's  result." 

Further  illustration  seems  unnecessary;  bu1  I  do  not 
claim  that  a  perfect  theory  of  the  perturbations  would 
represent  the  observations  with  greatlj  increased  precision, 
since  the  elements  on  which  existing  tallies  are  founded 
must  partake  of  the  empiricism  of  the  theories  involved  in 
their  construction.  There  is,  however,  no  occasion  for  the 
further  introduction  of  empiricism  into  astronomical  theo- 
ries, as  proposed  by  Prof.  Hall,  and  lav.. red  by  Prof. 
Newcomb,  bj  means  of  a  modification  of  the  law  of  uni- 
versal gravitation  ;  but  it  is  vain  to  hope  for  further  im- 
provement of  the  lunar  theory  until  it  has  been  treed  from 
the  empiricism  with  which  it  is  already  encumbered. 


FUNDAMENTAL   ERRORS  IN  THE  ALMANAC     POSITIONS   OF   TIIL    PRINCIPAL 
OBSERVATORIES  OF  TIIE  WORLD, 

llv   .1.   M.  SCHAEBERLE. 


In  1895  I  called  attention  to  the  fact  that  the  almanac 
,  alue  of  log  p  for  the  Lick  Observatory  was  largely  in  error 
M.J1356).  Recently  I  had  occasion  to  examine  the  pub- 
lished values  of  log  p  for  certain  other  observatories,  and 
was  amazed  to  find  that  they  were  all  wrong.  In  one  or 
two  cases  the  error  amounted  to  more  than  two  thousand 
(2000)  units  of  the  seventh  decimal  place  of  log  p. 


In  the  present  state  of  astronomy  of  precision  it  seems 
inexcusable  to  continue  to  publish  the  value  of  log  p  as 
though  all  observations  were  at  sea  level,  when  the  altitude 
above  sea  level,  in  each  case,  is  one  of  the  best  determined 
constants  of  a  fixed  observatory. 

Lick  Observatory,  University  of  California,  1S97  May  1. 


TIIE    PARALLAX    OF 


Between  1871  Nov.  '.i  and    L874  June  13,  nineteen  nega- 
tives of  the  stars  about  1111  Cygni  were  made  by  Rutheb- 
fubd.     The  measures  of  these  plates  were  placed  in  my 
hands  by  Prof.  J.  K.  Rees,  Director  of  the  Observatory,  to 
he   reduced   for    parallax.     The  methods  of  reduction    l>\ 
differences  of  distance  of  two  stars,  having  approximately 
equal  distances  and  differing  about  180°  in  position-angle, 
ie  same  as  were  employed  for  the  parallax  of  p.  and 
h  i  'assiopi  ;>i"Q)a.ndofriCassiopeiae(2).   But,  whereas  hereto- 
iily  measures  of  distance  were  used  for  parallax,  in 
resent  research    I  bave  used  measures  of  angle  also. 
For  it  has  been  recently  shown  (*)  in  the  case  of  eight  stars 
amoii-  les  whose  average  distance  is  2160",  rang- 

from  631"  to  .'5160",  that  the  displacement  on  the  arc  of 
a  great  circle  by  reason  of  the  probable  error  of  observa- 
tion is  but  little  larger  in  measures  of  angle  than  of  dis- 


611  CYGXI,    DEDUCED    FROM    THE    RUTHERFURD 
PHOTOGRAPHIC  MEASURES, 

By  HERMAN   S.  DAVIS. 

tance.  It  is  proper  to  add  that  this  research  on  the  meas- 
ures of  611  Cygni  —  a  complete  discussion  of  which  will 
soon  be  published  as  Contribution  No.  13  from  the  Observa- 
tory of  Columbia  University — has  shown  that,  for  the 
seven  stars  whose  measurement  of  position-angle  I  have 
used,  the  probable  error  for  one  plate  of  unit  weight  is 
±0".1488  in  angle,  whereas  for  the  eight  stars  used  in  dis- 
tance it  is  ±0".1912.  Their  average  distance  is  only  1956"", 
rauging  from  107.">"  to  2754".  This  fully  corroborates  Dr. 
.1  Amur's  conclusion  i  page  282  i  (3i  and  justifies  the  future  use 
of  position-angle  for  parallax  determination  in  the  case  of 
all  the  Rutherfurd  plates. 

The  results  for  parallax  are  given  below.  No  observa- 
tion was  discarded,  and  I  have  used  every  star  which  was 
impressed  upon  the  plates  sufficiently  often  in  both  seasons 
of  the  year.     The  comparison-stars  are: 


(')  Tin-  Parallaxes  of  p  and  0  Cassiopeiae,  by  Harold  Jacobt.  (-')  The  Parallax  of  ij  Casslopeiae,  by  Herman  S.  Davis 

;  :,.■  Permanence  of  the  Rutherfurd  Photographic  Plates,  by  Harold  Jacobt. 
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Star 

Dnrchmusterung 

Approximate  position 
referred  to  611  <  '</.'/'"' 

Number 

Mag. 

1  listiiiice 

Angle 

64 

38°4372 

7.8 

3362" 

69.74 

6 

37°4159 

7..". 

2G60 

230.21 

39 

38°4353 

8.4 

31S5 

13:29 

5 

38°4325 

6.0 

2163 

273.11 

53 

38°4362 

7.S 

2126 

81.10 

54 

38°4363 

9.1 

2165 

7S.27 

48 

37°4189 

7.9 

1  123 

1(15.89 

14 

38°4336 

8.8 

971 

296.79 

37 

37°4180 

7.7 

1337 

149.62 

27 

37°4175 

9.0 

1075 

177.26 

48 

37°4189 

7.9 

1  123 

1(15.89 

43 

37-4185 

9.0 

1 825 

143.85 

32 

37°4178 

7.5 

2156 

172.68 

23 

3S°4341 

8.2 

2501 

356.08 

13 

3S°4335 

9.0 

2754 

341.41 

From  these  stars  are  obtained  the  following  values  of  the 
relative  parallax : 

Columbia  University  Observatory,  New  York  City,  1897  April  30. 


Stars 

Parallax 

Probable 

error 

Prob.  error  of 
one  equation 

±0.1641 

r 

6  I  and    6 

+  0.7.211 

t0.0373 

1 

39  and    6 

.4497 

.0429 

.2562 

I  distance -i 

5  and  53 

.3733 

.0400 

.2020 

5  1  and     5 

.2131 

.0409 

.17.76 

{ 

48  and  1  1 

f-0.3888 

±0.0658 

±0.1840 

r 

37 

+  0.3028 

t  0.0354 

±0.1018 

27 

.3779 

.0395 

.  1 525 

48 

.2791 

.(117.". 

.1758 

Angle  ^ 

13 

.3299 

.0557 

.1638 

32 

.31  12 

.0620 

.1293 

23 

.3334 

.0743 

.1496 

I 

13 

f  0.4401 

±0.0819 

±0.1646 

The  mean  of  these  values  from  measures  of  distance  is 

+  0".3999  ±0".O230 
and  from  measures  of  position-angle 

+  (•".3326  ±0".0189 
from  which  results  the  mean  relative  parallax  of  61'  Cygni 

+0.360      ±0  ".0146 


ELEMENTS   OF   THE  ANNUAL   COMPONENT   OF   THE   POLAR  MOTION 
FROM  RECENT   OBSERVATIONS, 

By  S.  C.  CHANDLER. 


In  A.J.  323  and  329  the  fact  was  established  that  the 
annual  motion  of  the  terrestrial  pole  about  its  mean  posi- 
tion on  the  earth's  surface  is  from  west  to  east  in  a  very 
elongated  ellipse  having  an  eccentricity  of  0.9638,  the  con- 
jugate principal  axes  being  0".30  and  0".08,  the  major  axis 
lying  on  a  meridian  45°  east  of  the  Greenwich  meridian, 
and  the  dates  when  the  pole  reaches  the  extremities  of  this 
axis  (considered  apart  from  the  428-day  circular  motion,  of 
course)  being  April  6  and  October  5. 

These  elements  were  derived  from  observations  made 
previous  to  1894.  They  have  been  used,  in  conjunction 
with  those  of  the  428-day  term  derived  from  the  observa- 
tions from  1825  to  1890  {A.J.  322),  in  the  tables  for  the 
prediction  of  the  variations  of  latitude  in  1896  and  1897 
(A.J.  360  and  392). 

Since  the  publication,  in  the  places  above  cited,  of  this 
theory  of  the  motion  of  the  pole,  synthetically  deduced 
from  observation,  I  have  been  interested  to  compare  it  with 
the  various  series  of  observations  which  have  since  ap- 
peared, not  only  for  the  purpose  of  verification  and  im- 
provement of  the  numerical  values  of  the  various  constants, 
but  also  to  detect  any  additional  characteristics  which 
these  later  data  might  make  apparent.  The  general  result 
of  these  additional  investigations  lias  been  merely  a  satis- 
factory confirmation  of  the  previous  deductions  as  to  the 
nature  of  the  law  of  these  motions,  without  furnishing  any 


material  improvement  of  the  numerical  elements.  Never- 
theless, since  they  enable  us  to  draw  some  interesting  and 
important  conclusions,  and  since,  besides,  many  months 
must  probably  elapse  before  we  can  expect  to  see  in  print 
the  results  of  the  observations  made  during  the  past  year, 
I  may  be  pardoned  for  taking  the  space  to  describe  some  of 
these  minor  researches.  Among  these,  one  of  the  most 
interesting  relates  to  a  determination  of  the  elements  of  the 
annual  component  of  the  polar  motion  based  entirely  on 
recent  data  (since  1894.0)  and  consequently  absolutely  in- 
dependent of  the  older  one  above  mentioned.  The  present 
paper  will  be  limited  to  the  presentation  of  this  computa- 
tion. 

The  range  of  this  investigation  is  necessarily  restricted 
to  the  period  between  1894  January  and  1895  August,  the 
latter  date  marking  the  completion  of  Doolittle's  series 
at  Bethlehem.  His  new  series  at  Philadelphia  began  in  the 
autumn  of  1896  but  is  not  yet  published.  Of  the  series 
at  Columbia  University,  by  Rees,  Jacoby  and  Davis,  begun 
in  the  spring  of  1893  and  still  current,  we  have  the  results 
for  the  first  fourteen  months;  and  it  may  be  remarked  in 
passing  that  it  is  a  very  fortunate  circumstance  that  a  por- 
tion of  this  series,  yet  unreduced,  will  bridge  the  gap  in 
Doolittle's  work  rendered  unavoidable  by  his  removal 
from  Lehigh  University  to  the  University  of  Pennsylvania. 

For  the  corresponding  interval  1894.0-1895.5  there  have 
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been  published  of  the  European  observations  those  al 
K      in,  Potsdam,  Karlsruhe  and  Strassburg. 

The  treatment   of   this   material   is  analogous   to   that 
adopted  in  the  former  u  a  of  the  observations  up 

to  L894.0,  with  a  slight  variation  forthe  purpose oi  abridg- 
ing the  calculation,  Bach  series  was  compared  with  a  curve 
of  latitude-variation  furnished  bj  equation  (59),  A.  J.  360, 
and  the  means  of  the  differences,  weighted  according  to 
the  number  of  observations,  for  each  interval  of  tit'n  days, 

applied  to  the  curve-vali    - 
of   normal  observed   latitude-variations.     The   results  for 

i  in.  Karlsruhe  and  St  rassburg  were  combined  |  meridian 
oi  Berlin),  and  also  those  for  Bethlehem  and  Columbia 
University.  These  normal  values  are  given  below :  Kasan 
under  I.  Potsdam,  Karlsruhe  and  Strassburg  under  II,  and 
Bethlehem  and  Columbia  under  111. 

Nobmax  Observed  Values  of  p—?>0. 

I  I  n  in 


•211  2800 

+0.12 

+0.12 

+  0.08 

2850 

+ 

.12 

+ 

.09 

+  .02 

2900 

+ 

.08 

+ 

.07 

+  .03 

2950 

+ 

.02 

+ 

.02 

-  .01 

3000 

+ 

.(H 

+ 

.05 

-  .09 

3050 

4- 

.02 

.00 

-  .11 

3300 

.00 

_ 

.05 

+  .04 

3150 

+ 

.02 

+ 

.in 

+  .09 

3200 

_ 

.02 

+ 

.02 

+  .17 

3250 

_ 

.03 

_ 

.10 

+  .14 

3300 

_ 

.02 

_ 

.03 

+  .09 

3350 

+ 

.04 

+ 

.03 

-  .09 

3400 

+  0.09 

+0.01 

-0.10 

The  above  values  of  the  latitude-variation  were  then 
used  to  get  the  observed  coordinates  of  the  pole  according 
to  the  formulas  in  .!.•/.  323,  p.  83,  as  shown  by  the  columns 
..-.  v,  below : 


2412800 

+0.030 

-0.147. 

-0.O74 

-0.029 

2850 

_ 

.018 

-  .100 

-  .015 

+  .055 

2900 

+ 

.002 

-  .081 

+  .110 

+  .032 

2950 

_ 

.014 

-  .017 

+  .139 

-  .008 

3000 

_ 

.1170 

-  .015 

+  .040 

-  .113 

3050 

_ 

.088 

+  .030 

_  .nor, 

-  .120 

3100 

+ 

.027. 

+  .035 

-  .060 

-  .092 

3150 

+ 

06] 

-  .064 

-  .0S5 

-  .100 

3200 

+ 

.135 

-  .065 

+  .002 

+  .008 

3250 

+ 

.106 

+  .053 

+  .058 

+  .195 

3300 

+ 

.ii71 

+  .003 

+  .132 

+  .141 

3350 

_ 

080 

-  .004 

+  .055 

+  .055 

3400 

-0.15] 

+  0.029 

-0.011 

-0.020 

From  these  values  wore  subtracted  the  coordinates  of  the 

according  to  the  first  terms  of  eq.  (59), 

A.J.  360,  p.  19  1.  thus  leaving  the  observed  values  for  the 

annual   term  alone  .....  //,.  in   the   last  two  columns.     It 


should  lie  remarked  that,  in  the  solutions  from  which  a:  and 
y  were  found,  weights  were  assigned  to  the  various  equa- 
tions according  to  the  number  of  the  series  used. 

From  tlic  values  ..•._..  ys,  general  expressions  were  then 
found  by  least-squares,  for  each  of  the  coordinates,  accord- 
ing to  the  formulas  near  the  bottom  of  the  first  column  on 
p.  130,  A.J.  329,  after  dividing  the  whole  .series  into  two 
portions,  thus : 


V 


2112800-3100 
3150  3400 


:  +0.006  +0.110  sin(0— 295.3) 
=  +0.006  +0.106  sin  (0—293.6) 

)!  N 

2412800-3100     //.,  =  -o".04o   +  0.088  sin (0-232?2) 
3150-3400    *"=  +0.O1:;   +0.152  sin(0-278.3) 

From  these  values  of  ///,  11.  M.  -V,  the  elements  of  the 
ellipses  were  found  by  the  additional  formulas  in  the  place 
Last  cited.  These  elements  are  shown  in  the  last  two  lines 
of  the  table  below.  The  first  three  sets  of  elements  are 
copied  from  my  former  paper,  A.J.  329,  in  order  that  a 
general  comparison  may  be  made. 


1890  Apr.  11 
1892  Apr.  1 
ISO.".  Mar.  27 

1894  .Mar.  27 

1895  Apr.     4 


2O.0 

lo.i; 

5.4 

5.5 

13.3 


11.7 
51.4 
23. 1 
58.] 
34.6 


(1.309 
.311 
.289 
.244 

0.368 


0.112 
.054 
.082 
.141 

0.046 


I  have   already   published   provisional    values  for    the 

ellipses  of  1894  and  ISO.".,  but  those  in  the  present  paper 
are  much  more  certain,  as  they  rest  on  the  newer  Potsdam 
series  and  that  at  Columbia,  in  addition  to  those  formerly 
available. 

A  comparative  scrutiny  of  the  contents  of  the  last  table 
seems  to  warrant  the  following  conclusions. 

First.  The  accordance  of  the  elements,  derived  inde- 
pendently from  observations  in  five  different  revolutions, 
testifies  to  the  reality  of  this  annual  motion  and  places  the 
fact  of  its  strong  ellipticity  beyond  reasonable  doubt. 

Secondly,  There  is  no  evidence  that  the  dimensions  of 
the  annual 'ellipse  have  sensibly  altered,  progressively,  dur- 
ing the  period  under  investigation;  or  that  there  is  any 
abrupt  deviation,  from  period  to  period,  from  a  mean  path, 
not  explicable  by  unavoidable  errors  in  the  determination 
of  it  by  observation. 

Thirdly,  The  axis  of  this  elongated  vibratory  motion 
is  stationary  upon  the  earth's  surface  on  a  meridian  forty- 
five  degrees  east  of  Greenwich;  or  at  least,  if  any  pro- 
gressive apsidal  motion  exists,  it  is  too  slow  to  be  discerni- 
ble within  this  five  years'  interval  of  observation. 

Tn  a  subsequent  paper  1  shall  present  some  evidence 
l.ea  nie,'  on  ip  lest  ions  connected  with  the  128-day  component 
of  the  motion  of  the  pole. 
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CORRECTION   OF   THE  33G   PULKOWA    II AUPT  STERNE  FOR 
LATITUDE- VARIATION, 

ISv   S.   (  .   (HANDLER. 


The  following  table  gives  the  corrections  to  the  individual 
declinations  of  the  336  Hauptsteme  (Nii.iVs  Catalogue 
of  18G5.0),  and  consequently  of  the  Berlin  Jahrbuch  places 
of  these  stars,  on  account  of  variation  of  latitude.  The 
mode  of  computing   them    has   been    fully   described    in 


A.J.  296,  pp.  63,  04.  The  necessity  of  applying  these  cor- 
rections—  in  using  the  B.J.  declinations  for  the  purpose  of 
getting  equator-points  which  shall  he  parallel  to  the  true 
equator,  in  all  hours  of  right-ascension  — -  is  at  present 
beyond  all  reasonable  doubt. 


Pulkowa  Vertical  Circle  Declinations  (1805.0)  of  336  Hauptsteme,  Correction   foe 

Latitude-Variation. 


No. 

C 

orr. 

No. 

Corr. 

No. 

Corr. 

No. 

Corr. 

No. 

Corr. 

No. 

Corr. 

No. 

Corr. 

No. 

Corr. 

1 

-0.06 

43 

-0.01 

85 

-0."l7 

127 

0.00 

109 

-0."07 

211 

+  0.08 

253 

+  0*16 

205 

-0"04 

2 

+ 

.04 

44 

+ 

.10 

86 

.09 

128 

+  .08 

170 

.12 

212 

.02 

25 1 

.03 

20(1 

+  .18 

3 

.08 

45 



.03 

87 

.09 

129 

-  .13 

171 

.05 

213 

.13 

255 

.13 

207 

.00 

4 

.(17 

46 

.12 

88 

.11 

130 

-  .03 

172 

.03 

214 

+ 

.01 

256 

.02 

298 

+  .20 

5 

.01 

47 

_ 

.08 

89 

.10 

131 

.00 

173 

.04 

215 

.00 

257 

.05 

299 

.06 

6 

.08 

48 

+ 

.03 

90 

.11' 

132 

-  .02 

174 

.10 

21(1 

_ 

.02 

258 

.20 

300 

.18 

7 

.07 

49 



.03 

91 

.23 

133 

+  .10 

175 

.13 

217 

+ 

.01 

259 

+ 

.11 

301 

.16 

8 

.03 

50 

.02 

92 

.10 

134 

-  .03 

170 

— 

.01 

218 

_ 

.05 

260 

.00 

302 

.08 

9 

.15 

51 

.03 

93 

.17 

135 

.13 

177 

+ 

.05 

210 

.00 

201 

+ 

.24 

303 

.05 

10 

+ 

.03 

52 



.13 

94 

-  .12 

136 

.03 

178 

— 

.07 

220 

.00 

2)12 

— 

.01 

304 

.23 

11 



.07 

53 

+ 

.04 

95 

+  .08 

137 

.13 

179 

+ 

.05 

221 

+ 

.04 

263 

.00 

305 

+  .20 

12 

+ 

.07 

54 

+ 

.06 

90 

+  .03 

138 

.16 

ISO 

— 

.09 

222 

.18 

264 

— 

.06 

306 

-  .01 

13 



.03 

55 



.02 

97 

-  .10 

139 

.08 

181 

+ 

.02 

223 

.05 

265 

+ 

.01 

307 

+  .21 

14 



.13 

56 

+ 

.12 

98 

.07 

140 

.02 

182 

.02 

224 

.05 

266 

+ 

.04 

308 

.00 

15 

+ 

.10 

57 

+ 

.02 

99 

.12 

141 

.00 

183 

+ 

.02 

225 

+ 

.04 

267 

_ 

.03 

309 

.09 

16 



.02 

58 



.06 

100 

-  .00 

142 

.10 

184 

.00 

22(1 

.00 

268 

.01 

310 

.20 

17 

.07 

59 

+ 

.00 

101 

+  .02 

143 

-  .08 

185 

— 

.07 

227 

+ 

.08 

269 

— 

.01 

311 

.10 

18 



.06 

60 



.03 

102 

-  .11 

144 

+  .01 

186 

.05 

22S 

.01 

270 

+ 

.08 

312 

.10 

19 

.00 

01 

+ 

.06 

103 

.04 

145 

+  .06 

187 

— 

.01 

229 

+ 

.07  " 

271 

.00 

313 

.16 

20 

_ 

.04 

62 



.01 

104 

.10 

146 

-  .14 

188 

+ 

.08 

230 

— 

.03 

272 

+ 

.09 

314 

.15 

21 



.09 

03 

+ 

.02 

105 

.22 

147 

+  .01 

189 

+ 

.05 

231 

.02 

273 

— 

.05 

315 

.07 

22 

+ 

.02 

04 

.01 

100 

.12 

148 

+  .05 

190 

— 

.00 

2: 12 

— 

.01 

274 

+ 

.00 

310 

+  .03 

23 



.07 

65 

+ 

.04 

107 

.12 

149 

-  .08 

191 

+ 

.19 

233 

.00 

275 

+ 

.06 

317 

-  .01 

24 

+ 

.01 

66 



.10 

108 

.14 

150 

.08 

192 

.04 

234 

+ 

.13 

276 

.00 

318 

+  .05 

25 

_ 

.01 

67 

+ 

.02 

109 

.10 

151 

.12 

193 

+ 

.04 

235 

.03 

277 

+ 

.04 

319 

.10 

26 

.00 

68 



.01 

110 

.05 

152 

.03 

194 

— 

.05 

236 

.04 

27S 

.00 

320 

.14 

27 

_ 

.09 

69 

+ 

.07 

111 

.02 

153 

.06 

195 

.00 

2: 17 

.10 

279 

— 

.07 

321 

.02 

28 

+ 

.08 

70 



.05 

112 

.19 

154 

.08 

190 

+ 

.02 

238 

.09 

280 

+ 

.07 

322 

.13 

29 

_ 

.03 

71 

.14 

113 

.08 

155 

.02 

197 

.03 

239 

.12 

281 

— 

.01 

323 

.12 

30 

_ 

.06 

72 

.13 

114 

.00 

156 

.03 

198 

.00 

240 

.03 

282 

+ 

.00 

324 

.06 

31 

+ 

.02 

73 

.15 

115 

.18 

157 

.06 

199 

.12 

241 

+ 

.13 

283 

.07 

325 

.04 

32 

_ 

.12 

74 



.30 

110 

-  .02 

158 

.11 

200 

.09 

242 

— 

.04 

284 

.07 

326 

+  .07 

33 

_ 

.05 

75 

+ 

.03 

117 

+  .02 

159 

.05 

201 

+ 

.04 

243 

.00 

285 

.02 

327 

-  .02 

34 

.00 

76 



.00 

118 

-  .10 

160 

.22 

202 

— 

.03 

244 

'  — 

.06 

286 

+ 

.04 

328 

-  .11 

35 

.08 

77 

.00 

119 

.10 

161 

-  ,i<; 

203 

+ 

.14 

245 

+ 

.28 

287 

— 

.06 

329 

+  .10 

36 

.04 

78 

_ 

.02 

120 

.12 

162 

.oo 

204 

— 

.04 

2  01 

.24 

288 

+ 

.01 

330 

.00 

37 

+ 

.02 

79 

.15 

121 

.OS 

163 

-  .11 

205 

.00 

217 

+ 

.16 

289 

— 

.05 

331 

+  .12 

38 

+ 

.02 

80 

.07 

122 

-  .10 

164 

.17 

206 

— 

.05 

24S 

— 

.04 

290 

+ 

.04 

332 

.07 

39 

.00 

81 

.14 

123 

.00 

165 

-  .15 

207 

— 

.02 

249 

+ 

.04 

291 

.03 

333 

.08 

40 

.02 

82 

.27 

124 

+  .02 

166 

+  .01 

208 

+ 

.02 

250 

— 

.02 

292 

.03 

334 

.02 

41 

.18 

83 

.18 

125 

-  .03 

167 

-  .14 

209 

.01 

251 

+ 

.07 

293 

.19 

335 

.05 

42 

— 

b02 

84 

-( 

).lo 

126 

+  0.0(1 

168 

+  0.01 

210 

+  0.04 

252 

+0.05 

294 

+  0.09 

336 

+  0.02 

Cambrkhje,  Mass.,   1897  -1/"//  10. 
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OBSERVATIONS   OK    MIXOK    PLANETS, 

UADE    \  I     rat     VASSAB  C0LLEG1     OBSERVATORY, 

r,v  maiiv  u.  \\iiii\i:v  and  CAROLINE  E.  11  RNESS. 


<  omp. 

Planet—  * 

'land's 

ipparenl 

log  /.A 

1891  Greenwich  M.T. 

* 

J«                   dd 

'/. 

3 

for  a     1   for  8 

(.1,-. 

(168)  S%Ka. 

Jan.  11' 

i 
15 

19 

1 

11 

+  1     9.15 

-    1    12.9 

7 

38 

L9.50 

+  15 

1 

I  •>  ■> 

»9.154    0.605  1  F 

30 

18 

lo 

38 

•  i 

9 

~o  27.84 

-  (5     0.5 

i 

i'l 

ll.l'O 

+  15 

38 

38J 

9.453  |  0.627     W 

(90)  Antiope. 

Feb.     1 

15 

11 

57> 

;! 

8 

+0    6.18      +■    1     ."..2 
(24)  Themis. 

9 

lo 

18.30 

+  17 

1 

L0.5 

,/9.li's    0.604      W 

Feb.     1 

17 

9 

31 

' 

Id 

-1  33.77  |   -  0  28.3 
(3S)  /.<</". 

7 

35 

.-,1.9  1 

+  22 

51 

1.5 

9.308  |  0.4S7  |  F 

Feb.  i'.". 

16 

55 

9 

5 

s 

+0  30.39 

-  0     8.2 

9 

II 

17.o:> 

+    7 

1 

14.8 

8.838 

0.099 

W 

i-l 

13 

16 

11' 

.-. 

9 

-0  13.74 

-    4       9.1 

9 

40 

32.93 

+   7 

0 

13.8 

»9. 19.". 

0.7  IS 

w 

i'.-. 

L2 

35 

1 

5 

8 

-1     3.40 

-   1  54.1 

9 

39 

13.28 

+   7 

s 

58.7 

»9.550 

0.720, 

\\ 

(275 |  Sapientia. 

Feb.  23 

17 

32 

o 

(i 

•; 

-1   27.22 

+   7  58.5 

10 

37 

31.25 

+  12 

0 

L8.2 

8.510 

0.640 

V 

iM 

16 

25 

is 

7 

10 

-1  24.03 

-   7  31.0 

10 

:;r, 

15.10 

+  12 

7 

L3.2 

„S.'.I|S 

o.Olo 

1' 

1'.-. 

13 

9 

56 

* 

10 

-2     1  f.o 

-   1  10.0 

10 

30 

1.01 

+  12 

13  34.3 

»9.589 

O.099 

F 

(16)  Psyche. 

Feb.  I'l 

10 

51 

26 

S 

10 

+  0  44. 9S      +1o   18.6 

10 

23 

O.l'.". 

+  10 

27 

20.4 

&8.060    0.059 

F 

"7 

17 

59 

:;i 

9 

9 

+  o  42.18 

_  8  34.9 

10 

1'0 

35.78 

+  10 

4:; 

19.;; 

9.100    0.662 

V 

.Mar.     1 

is 

3 

41 

K> 

11 

+  o  17.0.". 

-  3  55. 1 

10 

n; 

15.01 

+  11 

9 

"  5 

9.296    0.662 

V 

10 

L6 

i'l 

IS 

11 

12 

_0  10.06 

-10  25.5 

10 

ii' 

9.83 

+  11 

37 

19.0 

8.810    0.645 

1' 

(198)  Ampella 

Feb.  27 

i:. 

.-,1 

29 

12 

12 

+  o  U.61 

+   5  57.0 

9 

38 

34.86 

+    1 

3 

15.5 

?i8.270 

0.75S  !    W 

Mar.     1 

17 

:;i 

29 

L3 

0 

+  2    1  1.90 

+  2  51..", 

9 

:;i 

•  <l  ■>•> 

+    1 

27 

:;;..  I 

9.325 

O.7.-.0      W 

6 

is 

o 

47 

14 

8 

+  1   10.99 

+   0     9.2 

9 

:;i' 

40.91 

+    1 

:;: 

IS.I 

9.451 

0.750 

w 

Mean  Places  for  1897.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

s 

Keil.  to 
app.  place 

Authority 

1 

ii     H 
7  37 

7.95 

+  2*40 

+  15 

2   25.1 

0.0 

Auwers,  Berlin  A.G.C.  2991 

2 

7  25 

9.49 

+2.55 

+  15 

44  38.7 

-  0.1 

"             «           «      2870 

3 

9  40 

9.46 

+2.66 

+  16 

57    10.2 

-  8.9 

«            «          »      3919 

4 

7  37 

25.99 

+  2.72 

+  22 

57  29.6 

+   0.2 

Becker,        "           •■      :5089 

.-■ 

9   to 

14.0.-. 

+  2.01' 

+   7 

1 1      2.9 

-10.0 

'  (Romb.21G8  +  Yani.414S  +  l'aris  12002) 

6 

in  38 

.-.5.79 

+2.68 

+  11 

52  32.7 

-13.0 

Leipzig  A.G.C.  4099 

7 

lo  38 

6.49 

+2.70 

+  12 

1  1   57.3 

-13.1 

Romberg2342                            [+ Paris  12823) 

8 

10  22 

1 2.57 

+2.68 

+  10 

17  14.0 

-12.2 

|  1  Etadc.(2)  L036+Yarn.4  143+Glas.(l  1 2724 

9 

10  19 

50.87 

+2.7:; 

+  lo 

52     6. 1 

-12.2 

Leipzm  A. C.C.  1017 

10 

10  16 

25.82 

+2.74 

+  11 

13     9.8 

-11.9 

i(Glas.  2691+ Yarn.  1401+Paris  L2686) 

11 

LO   L2 

L7.16 

+  2.73 

+  11 

17    50.7 

-11.6 

'  (Yarn.  1377+ Schj.  3769+ Paris  12601 

12 

9  38 

20.70 

+  2.19 

+  0 

57  29.1 

-10.0 

Boss,  Albany  A.G.C.  385 1 

13 

9  32 

3.79 

+  2.17 

+   1 

i'l   51.5 

-10.4 

«          "            «      3827 

14 

9  31 

33.48 

+  1 

.'.7    lo.: 

-10.5 

Bonn  VI,  +1°2330 
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NO.  1» 


POLAB 

Diameter 

or    Mar. 

.  L894. 

Pacific  Stand.  Time 

Observed 

J  unity 

D 

Resid 

July  30 

18     0 

13.52 

9.46 

9.45 

+  0.13 

Aug.  13 

17  52 

15.06 

9.43 

9.42 

+0.16 

Sept.  30 

12  40 

21.50 

9.50 

9.49 

+  0.09 

Oct.      7 

11    1 5 

22.04 

9.53 

9.52 

+0.06 

15 

9  50 

22.58 

9.75 

9.74 

-0.10 

21 

9  45 

22.05 

9.67 

9.66 

-0.0S 

28 

10  10 

21.31 

9.65 

9.64 

-0.116 

29 

8  30 

21.26 

9.68 

9.67 

-0.09 

Nov.     4 

9  \r, 

20.24 

9.61 

9.60 

-0.02 

5 

9  15 

20  22 

9.64 

9.63 

-0.05 

11 

8  4() 

19.05 

9.5.S 

9.60 

+  0.01 

Mean 


9.584 


MEASURES   OF    THE    DIAMKTEES   OF    MARS  AND    THE    POSITIONS   OF    HIS 

SATELLITES   IN   1804, 

MADE    WITH    THE   36-INCH    EQUATORIAL   OF    THE    LICK    OBSERVATOBY, 

Br  E.  E. 

The  following  observations  of  the  satellites  of  Mars  were 
obtained  in  1894  with  the  36-inch. 

The  measures  for  position-angle  were  made  by  bisecting 
the  satellite  and  the  apparent  center  of  Mars.  No  correc- 
tion has  been  applied  to  them  for  any  displacement  of  the 
center  of  figure  from  the  effects  of  phase. 

The  distance-measures  have  been  made  usually  from  the 
nearest  limb  of  the  planet  and  the  observations  corrected 
for  phase  when  required — this  occurred  in  only  one  case, 
in  the  second  set  of  observations  of  Phobos  on  October  15, 
when  the  distance  was  measured  from  the  phase-limb. 

In  the  distance-measures,  on  each  night  (except  for  Phobos 
on  Sept.  23,  Oct.  14  and  15)  the  latter  half  of  the  measures 
were  made  with  the  movable  and  fixed  wires  interchanged 
from  what  they  were  in  the  first  half  —  the  measures  thus 
depending  on  double  distances. 

The  observations  of  these  satellites  are  not  as  numerous 
as  I  had  hoped  to  make  them.  During  the  favorable  posi- 
tion of  the  planet  the  time  given  to  it  was  mainly  taken 
up  with  physical  observations  of  its  surface ;  a  large  num- 
ber of  interesting  drawings  being  secured,  which  are  yet  to 
be  published. 

On  several  dates  the  relative  light  of  the  two  satellites 
was  estimated : 

1894  Sept.  23,  14h  0"'.  Phobos  is  nearly  twice  as  bright 
as  Delmos. 

Oct.  14,  llh  40m.  Phobos  a  little  brighter  than  Deimos; 
about  ^  magnitude. 

Oct.  21,  91'  0'".  Phobos  is  nearly  -J-  magnitude  brighter 
than  Deimos. 

Oct.  29,  8h  0'".  Phobos  is  nearly  1  magnitude  brighter 
than  Dei  in  os. 

These  observations  make  Phobos  considerably  brighter 
than  Deimos,  and  this  is  in  accord  with  previous  observa- 
tions. 

A  series  of  measures  of  the  polar  and  equatorial  diame- 
ters of  Mars  was  also  obtained  and  the  results  are  here  given. 


D  is  the  final  value  corrected  for  inclination  of  the  axis. 
This  corresponds  to  a  diameter  of  4312  miles. 

Equatorial  Diameter  of  Mars,  1894. 


Pacific  Sta 
d 

id.  Time 

Observed 

J  unity 

Resid. 

July  30 

17    55 

11.55 

9.45 

+  0.22 

Oct.     7 

14   10 

22.16 

9.69 

+  0.02 

15 

9    15 

22.68 

9.S1 

-0.14 

21 

9  40 

22.18 

9.73 

-0.06 

28 

10  15 

21.32 

9.67 

0.00 

29 

8  35 

21.27 

9.73 

-0.06 

Nov.    4 

9  10 

'-'0.12 

9.(17 

0.00 

5 

9  10 

20.06 

9.69 

-0.02 

11 

8  45 

IS. 67 

9.62 

+0.05 

Mean 


9.673 


This  corresponds  to  a  diameter  of  4352  miles. 

The  measures  have  been  corrected  for  phase  and  reduced 
to  distance  unity. 

The  "  polar  diameter"  is  the  one  through  the  polar  cap, 
while  the  "  equatorial  "  is  that  at  right  angles  to  it. 

They  give  for  the  polar  compression  of  Jims. 
E-P  _ 

The  two  sets  correspond  to  a  mean  diameter  of   4332 
miles. 
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I  >|:-ri;\   \  HONS    OF    PkoboS,     L894. 


Pacific  Stand.  Prom 


S         nber  2:>. 

Prom 

I  'os.  Aug. 


l"  59  53 

50.9 

U     1   23 

52.2 

1 1     2  22 

52.8 

11     3  12 

52.3 

11     5  1 5 

IN. U| 

28.62 

1  1     7  36 

17.64 

28  25 

11     8  36 

17.52 

28.13 

ember  31 

ii     in    ■ 

9 

1  1  37     7 

242.2 

1  1  38     1 

240.7 

1  1  39   17 

240.0 

1  1    10  56 

239.7 

1  l    13  50 

37.02 

26.6 1 

1  1    15  20 

37.68 

26.70 

1  1    16   17 

37.06 

26.08 

1  l    is  32 

38.24 

-7.LV, 

11  49  42 

38.28 

27.30 

11   :,1   54 

38.18 

27.20 

Octobe 


216.7 

8  52  31 

215.4 

8  53  12 

215.0 

8  7.1     6 

21  I.e. 

8  56     6 

34.55 

23.35 

8  7.7   10 

:;:;..-,* 

22.38 

8  58     1 

33.46 

22.26 

8  59   n 

32:79 

21.59 

9     0  46 

32.28 

21.08 

9     1  4(5 

32.28 

21.08 

Satellite  very  bright.  It  is 
a  bright  object  w  ith  Mara 
in  Geld 


Reduction  semi-diameter 

=  io».ei. 


Frequent  fogging  of  O.G. 


Reduction  semi-diameter 

=  10".98 


Winil  shaking  telescope 


Reduction  semi-diameter 

11  .L'n 


Octofo  r  14. 


1 1   ::s  :;o 

60.6 

11   40     6 

61.3 

11    11   36 

60.5 

1 1   41'  46 

58.9 

11   44     6 

58.5 

11   41   16 

17.37 

28.60 

11    17  36 

17.11 

28.34 

11    is   16 

L7.36 

28.59 

High  wind    shaking  tele- 
scope.    Seeing  very  had 


Reduction  semi-diameter 
=  11\23 


Octobi  r  15. 


11     5  50 

53.3 

11     7  35 

52.9 

11     8  40 

52.9 

11     9  30 

51.4 

11    L0  25 

51.6 

11    L3     5 

19.51 

30.73 

1 1   1  1     2 

Is.:,.-, 

29.77 

11  14  55 

19.31 

30.53 

11    1 7.  .-,:, 

L9.66 

30.88 

1  1   16  12 

242.4 

11    17    17 

241.4 

14  18  32 

pr.  linih 

241.1 

14  24     7 

L5.29 

26.47 

1  I  25  12 

L5.48 

26.66 

1  1  26   12 

15.20 

26.38 

m 

14  27  37 

16.00 

27.18 

Reduction  semi-diameter 

=  11  "..'■_' 


Seeing  poor  now 


Reduction  semi-diameter 
=  11M8 


October  21. 


Pacific  Stand.  From 


Time 

s''::;;"'l'u 
8  35  17 
8  36  27 
8  37  26 
8  40  5 
8  ll  31 
8  12  31 
8  13  35 
8  II  17- 
8  46     5 


pr.  limi 


From 
center 


233.0 

234.4 

233.3 

232.4 

18.37 

29.57 

17.96 

29.16 

17.10 

28.60 

17.49 

28.69 

17.0  1 

28.84 

1 7.62 

28.82 

October  28. 


October  29. 


8  45  7 
8  17  :;:: 
8  48  33 
8  49  36 
8  51  46 
8  53  6 
8  54  6 
8  54  59 
8  56  16 
8  57  16 


L4.27 
L4.21 

14.83 
14.77 
I  l.oi 
L5.35 


24.47 
24.41 
25.03 
24.97 
24.81 
25.55 


244 

244 
242 
243 


.Xnri'iiifiri 


8  15  20 

2::  l.i; 

8  17  55 

234.1 

8   p.i  25 

233.6 

8  20  18 

233.3 

8  22  55 

16.30 

26.41 

8  23  55 

15.79 

25.90 

8  24  55 

16.02 

26.13 

S  26  15 

16.85 

26.96 

s  28  15 

15.94 

26.05 

8  30  L5 

10.17 

26.28 

8  31   .".7 

16.36 

26.47 

Seeing  l  -i 


Reduction  Bemi-dlameter 

=  n'.L'ii 


9  38  50 

220.7. 

9   10  20 

221.0 

'.i   12     5 

21S.0 

9  43  32 

21S.0 

9   15  25 

219.8 

9   17  58 

L2.86 

23.57 

9  50     0 

12.22 

22.93 

9  51   18 

11.. V, 

22.20 

9  52  18 

11.36 

22.07 

9  53  41 

L1.28 

21.99 

9  55   12 

L0.66 

21.37 

Wind    shaking    telescope 
hadh  . 


Seeing  poor 

Reduction  semi-diameter 

=  10".71 


47  24 

234.7 

19     9 

234.7 

50  22 

234.6 

51  24 

234.9 

56  22 

17.2S 

27.92 

58     2 

17.51 

28.15 

59     7 

17.:;:! 

27.97 

0  12 

17.29 

27.'.):; 

1   37 

17.0,7 

28.31 

2  27 

17.43 

28.07 

Seeing  good 


Reduction  semi-diameter 
10".64 


Xticrmlirr   1. 


Seeing  3-4 
No  wind 

Reduction  semi-diameter 
=  10".20 


Seeing  cerj  bad,     Satellite 
seen  « ith  difficult; 


Wind  shaking  telescopi 

Reduction  semi-diameter 

=  10".  11 


N°-  id;; 
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November  12. 

October  21. 

Pacific  Stand.  From 

From 

Pacific  stand.  Prom 

From 

Time 

pr.  limli 

center   Pos.  Ang, 

Time         pr.limb 

centei    Pos.  A  ng. 

b      in      s 

9  11  12 

" 

" 

224.4 

South  wind  shaking  tele- 

8h52mi88 

255.7 

9  13  10 

222.9 

scope  badly 

8  53  20 

254.5 

9  14     6 
9   L5  12 

222.2 
221.0 

Seeing  good 

8  5  1   \r, 

253.9 

25  1 . 1 

Reduction  semi-diameter 

=  11".20 

9  10  45 

11.78 

21.27 

Reducl  ion  semi-diameter 

8  57  .".7 

L0.43 

51.63 

9  20  42 

12.44 

21.93 

=  9\49 

8  58   12 

40.51 

51.71 

9  21  4.-. 

12.07 

22.10 

8  59  37 

40.01 

51.81 

9  22   12 

12.96 

22.15 

9    0  50 

ll.o:; 

52.23 

9  24     0 

11.89 

21.38 

0     2  20 

41.18 

.v_'.::s 

9  25  20 

12.55 

22.04 

9     3  35 

41.24 

52. 1 1 

November  4. 

(  >i;>i:i;\  A 

h       in      s            a 

//                   0 

8     2  56 

f.  limb 

September  30. 

8     4  31 

•J  12.2 

h      in      s 

n               0 

8     5  36 

2  11.0 

13  56  52 

68.2 

Satellite  not  well  seen 

8     6  26 

242.5 

13  58  45 

00.0 

8     8  41 

53.51 

63.71 

14     0     2 

00.7 

8     9  51 

5:1.22 

63.42 

Reduction  semi-diameter 

14     1  '29 

07.2 

8  10     6 

53.16 

63.36 

=  10".20 

14     3  27 

44.4.'l 

55.4  1 

Reduction  semi-diameter 

8  14  16 

53.67 

63.87 

14     4  35 

45.08 

56.06 

=  10".  98 

8  15  31 

53.63 

63.83 

14     5  57 

44.64 

55.62 

8  16  36 

54.08 

64.68 

14     8  27 

45.4;! 

50.41 

14     9  32 

46.09 

57.07 

Corrections  for  1 

efraction  hare,  in  the  main,  been  inserts] 

14  11     9 

44.94 

55.89 

ble  and  have  not  been  applied  to  any  of  the  observations. 

Terkes  Observatory,  Williams  Bay,   Wisconsin,  1897 .May  13. 


NOTE    OX    MR. 


CHANDLER'S    ARTICLE     "ON    NYREN'S 
OBSERVATIONS   1882-91,"   A.J.4Q0, 


VERTICAL-CIRCLE 


La  remarque  de  M.  Chandler  sin-  l'erreur  commise  par 
moi  dans  l'emploi  des  residus  p.  (39)  du  "Deduction  des 
I>L:elinaisons  moyennes  pour  1885.0"  est  parfaitement  cor- 
recte.  Deja  dans  l'examplaire  du  dit  memoire  que  je 
m'etais  permis,  il  y  a  deux  mois,  de  presenter  a  M.  Chand- 
ler, j'avais  indique  comme  "premature'es"  les  conclusions 
tirees  de  ce  procede. 

Expliquer  ici  par  quelle  voie  cette  inadvertance  ait  pu  se 
glisser  dans  la  redaction  definitive  serait  trop  long. 

Le  regret  de  M.  Chandler  que,  dans  la  deduction  des 
positions  definitives  du  Catalogue,  on  n'  ait  pas  pris  en  con- 


Rv  M.  WREN. 

sideration  aussi  le  terme  annuel  de  la  variation  de  la  lati 
tude,  me  parait  facile  a,  dissiper.  Dans  l'lntroduction  an 
vol.  II  des  Publications  on  trouve  rassemblees  toutes  les 
observations  des  etoiles  isolees  avec  leur  moyennes  et  les 
jours  d'observations.  On  y  voit  les  differentes  corrections 
pour  la  modification  de  la  refraction  aini  que  pour  la  periode 
de  14  mois  de  la  latitude.  Les  astronomes  qui  se  sont  con- 
vaiticus  de  la  realite  et  de  l'exactitude  des  corrections  exi- 
gees  par  les  formules  de  M.  Chandler  seront  done,  presque 
sans  calculs,  en  etat  de  pousser  l'approximation  an  degre 
voulu. 


NOTES   ON   VARIABLE   STARS,  —  No.  18, 
Ry  henry  m.  parkhurst. 


Facto rs.  Taking  the  geometrical  means  of  the  factors 
for  166  maxima  of  132  stars,  I  obtain  0.64  and  0.68  for 
bh,e  average.  From  35  minima  of  32  stars,  I  obtain  1.05 
and  1.07. 

U  Arietis.     My  observed   intervals  have  been  345,  365 


and  385  days.     The  following  sine  elements  approxin 
represent  all  the  observations: 

2412782  +  376  E  +  30  isin40oE  +  180°). 
The  comparative  faintness  of  the  photographic  measures 
may  be  accounted  for  by  the  redness  of  the  star. 
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Results  <n    '  Ibsera  \  i  ions. 


served  Date 

No. 

Star 

Phase 

Julian 

Calendar. 

K 

1    HIT. 

w 

Mag. 

Remarks 

976 

Min. 

3880 

28 

6 

9p 

9.83 

1.10 

1.13 

<i 
29 

.. 

•  • 

3963 

Feb.      7 

28 

-50 

S 

9.00    2.1 

3.6 

54 

Skj  conditions  bad 

1113 

U  Ari 

Max. 

3886 

\        2 : 

l 

•  27 

9 

- 

- 

- 

See  uote  i 

1166 

' 

Min. 

3870 

\ 

_ 

- 

1 

- 

- 

Maj  have  been  earlier 

.. 

.. 

Max. 

3965.9 

Feb.     9 

- 

- 

9 

9.37    0.70 

0.52 

l.s 

ul'  =  566",  approx. 

1222 

I;  /' 

Max. 

3854 

Oct.    21 

61 

r  L0 

8p 

- 

- 

- 

- 

M  j  last  coi  i .  »  as  +18 

1  357 

1   Eridani 

Min. 

3900:: 

Dec. 

- 

- 

1 

- 

- 

- 

- 

ired  in  Jan.    <  ibsns.  nol  yel 

L386 

T  J:' j- if /'i  ni 

Min. 

3966 

Feb.    M 

11 

- 

E 

- 

- 

- 

- 

invisible  in  Februarj 

1  .">  7  7 

li  Ta 

Max. 

3948 

Jan.  23 

39 

+  11 

7p 

9  l 

1.1 

in 

.",•' 

1 582 

S  Tauri. 

Max. 

3939 

Jan.   11 

36 

:;l 

1 

- 

- 

- 

- 

1717 

V  Tauri 

Max. 

Dec.     4 

52 

+  3 

::,• 

- 

- 

- 

- 

Mean  "i  bigheel  »bsns. 

1771 

R  Leporis 

Min. 

3956 

Jan.  ::i 

28 

+  21 

7 

9.71 

1.5 

2  1 

7.7 

L800 

II   ii, 

3913 

Dec.   19 

- 

9 

6.41 

•'!..'! 

1.7 

is 

[rregular  flQctuation 

1  si  (5 

1    <  h-ionis 

Max. 

3908 

Dec.   l  l 

8 

+  2 

8 

- 

- 

- 

- 

No  second  crest  seen 

lull 

S  <  >,- : 

Max. 

1002 

Mar.    is 

L'l 

-   4 

9 

8.49 

0.45 

0.65 

11 

Possibly  another  max.  later 

.. 

.. 

Max. 

mi  i 

Mar.  30 

24 

+  8 

9f 

- 

- 

- 

- 

2100 

Max. 

3992 

Mar.      8 

11 

-10 

3p 

.-..8 

- 

- 

2266 

erotis 

Min. 

3999 

Mar.   L5 

L6 

E 

12.9] 

- 

- 

Midway;  at  leasl  20 '  la 

L'lC. 

Max. 

3990 

Mar.     6 

i:; 

-39 

6 

9.85 

2.3 

1.1 

94 

2478 

/,'  Lyn 

Min. 

3999 

Mar.   15 

•  >•» 

- 

E 

- 

- 

- 

invisible  ''■'■<'  before  min. 

2539 

s  minoris 

Max. 

3951.3 

Jan.  26 

11 

■f  17 

9 

7.7.7 

0.83 

L.01 

30 

2684 

S  i 'anis  minoris 

Min. 

1032 

Apr.   17 

38 

- 

i; 

- 

- 

- 

- 

Probably  later 

2690 

X    I'll/, /IIS 

Max. 

1005 

Mar.   21 

- 

- 

9p 

8.1 

0.6 

0.7 

28 

Possibly  later 

2742 

5  G      inorum 

Max. 

l 

Mar.    16 

56 

-in 

7 

9.36 

0.50 

0.70 

27 

-. 

.. 

Max. 

1003 

Mar.    19 

56 

—  7 

6p 

- 

- 

- 

- 

2780 

'.novum 

Max. 

3922 

Dec.  28 

61 

-21 

6 

8.7 

1.7 

1.7 

25 

jrees  «  ith  last  year 

Individual  <  Ibservations. 
[Deluding  Observations  by  Author  C   I'ebky. 


976  TAri 

1113    V  Ari,  f  is. 

1222  I!  Persei. 

l. 

182  S  Tauri. 

1771  RLepo 

ris. 

Julian      Calendar 

Mag. 

Julian 

i  alendar 

Mag. 

Julian      Calendar 

Mag. 

Julian 

Calendar 

Mag. 

Julian      Calendar 

Mag. 

3841.6  Oct.     8 

9.8p 
9.3p 

i, mi377.  Comp  SI 

3842.6  Oct.     9      9.9 

(Contimu-.l  from 

3841.6  Oct.     8 

377 

8.7p 

1  -ii  inue.l  fron 

3931.6  Jan.     6 

377.) 

L0.3p 

1  >'.«■.- 7 

3640.6   Mar.  21 
3934.5  Jan.     9 

8.31, 
9.43s 

3842.6              '.» 

3848.6 

15 

9.23. 

3842.7              9 

8.9p 

3933.5 

8 

10.33 

3936.6            11 

9.38s 

3848.6            15 

9.7p 
9.7p 
9.5p 

'.i  7p 

3866.6 

Nov.    2 

8.85. 

3848.6            15 

s.si- 

3936.6 

11 

10.11 

3956.6           31 

9.75, 

3859.5            26 
29 

2 

3867.5 

3 

8.60 

3859.6            26 

8.7p 

3948.5 

23 

10.41, 

3979.6  Feb.  23 

9.37s 

3878.5 

1  1 

7. '.is 

3862.7            29 

8.7p 

3948.6 

23 

L0.5p 

3991.5  Mar.    7 

9.35. 

3904.5 

Dec.  1" 

8.18 

3866.6  Nov.    2 

8.9p 

3956.5 

31 

10.33. 

3994.5            10 

9.42J 

3870.6              6 

9.9p 

3914.5 

20 

9.07, 

3870.6              <i 

8.9p 

3975.5 

Feb.  19 

I0.43s 

3886.5            22 

9.8p 

3919.5 

25 

9.32. 

3886.5            22 

9.8p 

1800  WOrionis. 

3890.6            26 

9.7p 

3930.6 

Jan.     5 

9.45J 

3890.6            26 

lii.ii,. 

(Cont.  from 

stnrs377) 

3897  7   Dec.    3 

9.7p 

3897.7    Dec.     3 

10.2p 

17 

17   V  Tauri. - 

3901.7              7 
3904.6            10 

9.5p 
9.9p 

11662!  Get 

'. 

1577  I!  Tauri. 

i  ontlnned  from  360  ) 

3870.6  Nov.    6 
3905.6  Dec.  11 

6.52, 

7.11 

3905.6            11 

9.7p 

3922.6 

Dec.  31 

10.2 

(Continued  from 

377.) 

3842.7 

Oct.      '.i 

L2]p 
12]p 

3908.6            1  1 

C.ll'.l. 

24 

9.2p 

3930.5 

Jan.     5 

10.42, 

3901.7   D 

10.5p 

3848.6 

15 

3914.5            20 

6.23s 

3934.5  Jan.     9 

9  25 

3933.5 

8 

I0.11s 

3905.6            11 

9.7p 

3862.7 

2!  t 

.".'.ILL'.."".               L'S 

6.733 

3948.6            23 

9.6p 

3935.5 

10 

H  i.i  IS 

3918.6            21 

9.6p 

3866.7 

Nov.    2 

l  1.5p 

3932.5  Jan.     7 

6:71, 

1 

s.7 

3943.5 

is 

l"  23 

3931.6  Jan.     6 

9.1p 

3870.6 

r, 

1  L.5p 

3954.5            29 

6.66 

3969.5            13 

8.77 

3948.5 

23 

L0.1  2, 

3936.6            11 

9.31 

3890.6 

26 

L1.3p 

3965.6  Feb.     9 

6.49J 

3970.5            11 

'.Ms 

3955.5 

30 

9.64, 

3936.6            11 

9.3p 

3897.7 

Dec.     3 

10.6p 

3980.5            2  1 

6.82, 

3979.6            23 

8.96 

3965.5 

Feb.     9 

9.28s 

3943.6            is 

9.0p 

3899.5 

5 

ln.li- 

5  Mch.    1 

3967.5 

11 

3948.5            2:; 

9.08„ 

3904.6 

in 

11. Lr 

1 805  V  Ononis. 

3988.5              1 

'.Mi- 

3969.5 

1:; 

9.43  3948.6            2:; 

'.Mr 

3905.6 

11 

ll.L'i- 

(Continued  from  377a 

3998 5            1 1 

9.13a 

3970.5 

1  l 

9.53 

3956.5            31 

9.33s 

3918.6 

L'l 

11.ll- 

3897.6  Dec.     3 

10.3 

1010.5            26 

'.i   In 

3979.5 

23 

9.655 

3975.5   Feb.   L9 

'.i.i;.-.., 

3931.6 

Jan.     6 

L2.3p 

3901.5              7 

9.99, 

N"o-403 


'I'll  E     A  si  i;<>\  idi  [C  A  I,    .in  [j  R  N  A  L. 
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1  Si  15   V  t  h-iuii  is.  —  Cont. 
Julian      Calendar       Mag, 

3905.5   DecTll       9.60, 

3908.5  II  L0.05 

391  t.5  20  9.65! 

3921.5  27  HMO 

3931.6  Jan.  6  9.96J 
3935.5  10       9.89s 

loll  SOrionis. 
(Continued  from  3770 

1897 

3957.5  Feb.     I  11.8 

3984.5  28  10.1 

3988.5  .Mar.     4  9.74a 

3988.6  4  9.5p 

3991.5  7  9.4p 

3994.6  lo  9.3p 
3995.5  11  9.02s 
3998.5  14  8.39a 
3999.5  ir>  8.442 
4000.5  16  8.79a 
4005.5  21  8.38. 
Kio.-...-»            21  8.61 

4008.5  I'l  S.03.. 

4010.6  26  .s.7i; 
4012.5            28  8.83. 

4013.5  29  8.65s 
401  1.0            30  8.6p 

4016.6  Apr.  1  8.4f 
4026.5            11  9.1p 

4032.5  17  9.3p 

1034.6  19  9.4p 


2100  V  Orion 

Julian  Calendar 

(Continued  fr :i 

3988.6  Mar.1'    I 

3991.5  7 

3994.6  10 
1005.6  21 
4010.6  l.'ii 
lo  I  1.5  30 
lol  l.o  30 
1:016.6  Apr.  1 
4026.5  11 

1032.5  17 

1034.6  11) 
lo;;:,  5  20 


Mm 
7.) 

5.9] 
5.8p 
5.8p 
5.9p 
6.0'p 
5.93 
6.3f 
6.3* 
6.4p 
6.5p 
6.7p 
6.57 


2266  V Monoeerotis. 

(Continue,!  from  350  ) 
1807 

3932.5  Jan.     7     lo.l 

3933.5  8       9.68, 

3956.6  31  12.5: 
3980.6  Feb.  L'l  12.2 
3988.5  Alar.     I  12.6 
4008.5  24  11'.  «.i 
loll.:,  30  12.8] 
4033.5  Apr.  18  12.9] 

2445  W Monoeerotis. 

(Continue, 1  from  377.  i 

1897 

3932.5  Jan.     7     10.5 
3984.5  Feb.  28     10.0 


2445  WMonoc.     c 

Julian  Calendar  Mag 

3988.5  Mar.     1  0.1 
loos.:,  24  10.3 
loio. (',  26  lo. L'r 
lol  1.5  30  9.9 

4014.6  30  lo,  h> 

4016.5  Apr.     1  10.03, 

4016.6  1  lo.  i,. 
1026.5  11  10.53, 
4026.5  11  1o.lv 
1032.5  17  IO.Ip 
1033.5  18  9.9 
L034.6  19  lo. L'r 


L':,;;o  R  <  'anis  minoris. 

(Continued  from  850.) 
1887 

3931.6  Jan.  6  7.8p 

3932.5      7  7.s 

3933.5      8  7.37: 

3934.5  9  8.09, 

3935.6  10  7. its" 
3936.6  11  7.7p" 
3943.6  18  7.43s 
3948.6     23  7.7p 

1955.6     30  7.:,  I 

3965.5  Feb.  9  7.862 

3969.5     13  7.672 

3970.5     14  8.02, 


L'OS  I    ,S'  ( 'mi is  minoris. 


Julian  Calendar 
,  ontlnued  from : 

1807 

3932.5  Jan.     7 

3933.5  s 

3955.5  30 

3980.6  Feb.  24 
3984.6  L's 
3988.5  Mar.     4 

loose,  Li 

1014.5  30 

1033.6  A.pr.  IS 

1045.5  30 

1050.6  Ma\  5 
L051.5  6 


Mag 

i.) 

9.1 

9.51. 
10.35 
11.3  ' 

11.1 
ll.c, 
1l.se,, 

I  1.07. 

12.39 

12] 

1  1 .9  : 

12.0] 


L'7  12  S  Gem  inorum. 

Julian      Calendar       Mag 

i  ontlnuert  from  826.) 


L'O'.lo  XPuppis. 

1807 

3988.6   Mar.     I  8.6p 

3991.5  7  8.23 

3991.6  7  s.si- 

3994.5  lo  s.7  7 

3994.6  10  8.8p 
loo:,.:,  L'l  7.5p 
4010.6            20  8.3p 

1012.5  L'S  8.56, 
lol  1.1;            30  8.4p 

1016.6  Apr.  1  8.5p 
4026.5  11  9.  If 
4032.5  17  8.4 1- 
4034.5            19  8.4p 


3963.6 

.Ian 

7 

11.8 

3980.5 

Feb. 

24 

0.0 

3983.5 

27 

10.07 

3991.5 

Mar 

7 

0.72. 

3991.5 

7 

9.5p 

3994.6 

10 

9.4p 

3995.5 

11 

0.21 

1005.6 

21 

9.0p 

100s.:, 

2  1 

or,;; 

1010.0 

20 

9.5p 

1012.5 

L'S 

10.08, 

10] 4.0 

30 

0.7r 

1016.5 

A  iir. 

1 

9.82 

1010.0 

1 

9.7p 

1026.5 

11 

10.li- 

1032.5 

17 

L0.9p 

1034.6 

10 

10.8 

2780  T  Geminorum. 
(Continued  ir 377. j 

3905.6  De<Tll  8.9 

3908.6  II  s.cs 

3930.6  -Ian.     :,  8.75s 

3931.6  0  8.8p 

3934.5  0  s.72. 

3936.6  1 1  8.8p 
3948.5  2;;  s.oi' 
;;o55.5  ;;u  0.02., 
3965.5  Feb.  0  s.70. 
3980.5  24  9.232 
3991.5  Alar.    7  9.72, 


(  Iomp  \imso.\-Stars. 


976   TArietis. 

Star  DM.  Mai;.  » 

A     +16°355  5.60  of 

N    +  14°454  8.20  3M 

P    +16°345  8.00  ;; 

Q     +10°340  8.43  7 

11     +10°348  9.06  0 

S     +  17°44o  9.30  12 

IS     +14°487  8.62  3  M 

T     +  15°395  9.2S  3.1/ 

X     +17°439  9.98  5 

Z    +16°350  9.74  7 


2200    /'  Monoet  roi 

!s. 

>539  .ft  Can 

.v  minoris. 

2690  S  I'i 

.ppis. 

1893 

897 

1893-1897 

Star 

DM. 

Mag. 

n 

Star 

DM. 

Mag. 

n 

Star 

SUM. 

Mag. 

71 

U 

-0°12S7 

5.10 

12.1/ 

F 

+   9°1539 

0.71 

10.1/ 

1 

-20°1999 

6.90 

2 

1C 

~1°1242 

5.03 

16 

I 

+   9°1550 

7.37 

12.1/ 

L 

_20°2003 

7.82 
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MEASURES   OF   PBOCYOX, 

l!v  WILLIAM    J.   IIUSSEY. 


The  following  measures  of  Schaebeble's  companion  to 
Procyon  have  been  made  with  the  36-inch  refractor,  using 
a  power  of  520.  Where  the  seeing  is  at  its  best  the  com- 
panion is  easily  visible  ;  it  is  of  about  the  12th  magnitude. 
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Lick  Observatory,  University  of  California,  1897  May  6. 
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OBSERVATIONS  OF  COMET    1896  III. 

MUM.     \  l     i C  OBSERVATORY    "I      fHE   UNIVERSITY     "l     CALIFORNIA, 


■:\    w  II. I.I  \M    J.   HUSSEY. 

1896  Mi.  BamiltonM.T. 
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Mean  Places 

for    JSOfi.O  of  Coniparisoii-Stors. 

Red.  to 

I ...  i .  in 

* 

a 

app.  plan1 

8 

app.  place 

Authoritj 

1 

b 

3 

l.-;' 

3.33 

-0>,2 

+46 

2  1     9.2 

+  9.7 

Deichmuller,  Bonn  AG.  Catal.  2775 

2 

2 

r.s 

I'.i.ll 

-0.57 

+  7.2 

18     5.3 

+  8.9 

Rogers,  Cambridge  A.. G.  Catal.  L368 

3 

2 

48 

7.1.77. 

-0.75 

+  .-..-, 

15   20.3 

+  8.2 

Krueger,  Helsingfors-Gotha  A. G.  Catal 

2628 

1 

•  • 

21 

7.0.17 

-1.44 

+  60 

59   11.6 

+  12.S 

it                           i.                     ..             ti             a 

2302 

5 

2 

21 

1.20 

-1.42 

+  61 

s  59.9 

f  12.S 

It                           ..                     ..             ll            u 

2293 

<•• 

2 

L6 

35.30 

-1.69 

+  62 

12  :.s.(\ 

+  11.6 

it                   it            u            it 

2I9S 

7 

o 

2 

20.65 

'.'in 

+64 

20    I7,s 

+  10.7 

a                         ..                   a            a            it 

1904 

8 

•> 

2 

:,r,. r,r, 

-2.00 

+  64 

20  11.2 

+10.8 

a                           ..                     ll             it            it 

1921 

'J 

1 

31; 

34.38 

-1.74 

+  67 

2  22.0 

+    0.9 

Fearnley,  Christiania  A. (I.  Catal.  321 

10 

1 

17 

11.77 

-1.80 

+  6S 

is     9.6 

-  0.9 

10"  connected  with  *  1 1 

11 

1 

17 

9.99 

-1.82 

+68 

25  5;i.6 

-   0.9 

Fearnley,  Christiania  AG.  Catal.  259 

12 

1 

1  1 

26.00 

-1.82 

+  6S 

11   28.6 

-   1.2 

Fearnley,  Christiania  AG.  fatal.  250 

13 

0 

58 

35.04 

-1.86 

+  69 

15    11.5 

-    2.7 

Fearnley,  Christiania  A.. G.  Catal.  205 

14 

23 

27 

31.40 

-0.85 

+  72 

42   22.9 

-  9.3 

Dorpat  A.' 7  Zones,  72  1  li»7 

I.". 

23 

9 

13.40 

-0.45 

+  72 

38  48.2 

-10.1 

1  »orpa1  A.i  7  Zones,  72  1092 

L6 

22 

It 

1  L65 

+0.93 

+  72 

40  16.1 

-10.7 

1  1 "  connected  wit  h  ^p  1 7 

17 

22 

LO 

59.68 

+  0.93 

+  72 

17  26.7 

-10.7 

Dorpat,  A. G.  Z !S,  72  1022 

18 

21 

56 

9.55 

+  1.22 

+  72 

27   .",9.1' 

-10.5 

L0*  connected  with  *  19 

19 

21 

:.'.i 

3.93 

+  1.22 

+  72 

2  1    16.0 

-10.5 

Dorpat  A.G.  Zones,  721011 

in 

21 

15 

10.  is 

+  1.49 

+  72 

lo  31.5 

-10.3 

Dorpat  A.G.  Zon.-s.  72  1 090 

21 

21 

39 

2.26 

+1.62 

+  72 

::     l.:; 

-10.1 

1 1 "  connected  with  >)c22 

22 

21 

11 

19.23 

+1.61 

+  72 

7   19.:; 

-10.1 

B.B.  VI  71  '1083 

2.-, 

21 

L'o 

24.69 

+  2.00 

+  71 

30     19.9 

-  9.4 

14"  connected  with  *2I 

24 

21 

L'l 

8.68 

+  2.00 

+  71 

36  49.7 

9    1 

Dorpat  A.G.  Zones  71°1002 

The  large  apparent  Bize  of  this  comet  ami  the  want  of  a  well  de- 
fined nucleus  made  it  a  difficult  object  to  measiuv  accurately.     The 
above  observations,  except  the  last,  were  made  with  the  12-inch  teli 
scope;  the  last  was  made  with  the  36-inch.     &  Indicates  that  J.,  an. I 

Lick  Observatory,  University  of  California,  1897  .1/ 


J8  were  measured  directly  with  the  micrometer;  in  other  cae 
were  ..Main.. I  bj  transits.    The  catalogue  indicates  a  possible  cor- 
rection Ja  =  —  i   for  if.'1'i. 
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TIN-]    GEGENSCHEIN  OR 

I'.v    E.    K. 

The  following  observations  of  tlic  <!e<i<'iis<-li<'in  Ikiac  not 
previously  1  >  t  •  *  - 1 1  published.  They  arc  ;i  continuation  of 
the  observations  printed  in  former  numbers  of  the  Astro- 
nomical Journal,  and  have  been  very  carefully  made  ami 
will,  I  believe,  very  closely  represent  the  positions  of  this 
very  singular  object. 

It  is  to  be  understood,  of  course,  that  these  are  naked- 
eye  observations  and  arc  therefore  subject  to  larger  personal 
errors  than  would  be  given  by  almost  any  kind  of  instru- 
ment. 1  think,  however,  considering  the  largeness  and 
vagueness  of  the  Gegenschein,  they  are  singularly  accord- 
ant, and  it  is  interesting  to  see  how  closely  an  object  of 
this  kind  can  be  located  with  the  naked  eye. 

It  will  be  seen,  if  these  observations  are  compared  with 
the  earlier  ones,  that  experience  has  very  much  improved 
on  the  first  determinations  of  its  position.  Indeed  I  would 
feel  rather  confident  now  that  its  center  can  be  located 
ordinarily  to  within  one  degree. 

In  determining  the  position  of  the  Gegenschein  it  is 
necessary  to  study  it  very  carefully  for  some  time  and  use 
a  considerable  amount  of  judgement,  or  it  will  be  easy  to 
erroneously  locate  it  by  three  or  four  degrees. 

I  find  that  the  best  method  for  its  location  is  to  estimate 
the  distance  of  its  center  from  the  nearest  fixed  star  and 
then  to  identify  the  star  by  a  chart  or  by  an  equatorial- 
pointing.  Any  attempt  to  locate  its  position  by  tracing  its 
outlines  among  the  stars  can  only  lead  to  very  crude  re- 
sults. 

In  my  previous  papers  on  the  Gegenschein  (  A.J.  VII,  186 ; 
XI,  19  ;  XIII,  169)  I  have  called  attention  to  the  singular 
changes  this  object  periodically  undergoes.  Sometimes  it 
is  large  and  round  and  at  other  times  very  much  elongated. 
On  some  occasions  it  has  been  seen  simply  as  a  swelling  on 
a  zodiacal  band  stretching  clear  across  the  sky.  At  times 
the  zodiacal  band  is  seen  running  from  the  Gegenschein  in 
one  direction  only  —  from  the  eastern  end  or  from  the 
west.  This  has  not  been  due  to  the  position  of  the  Gegen- 
schein with  reference  to  the  horizon  at  the  time. 

There  seems  to  be  a  marked  periodical  change  in  the 
form  of  the  Gegenschein  in  the  first  part  of  October,  when 
it  rather  rapidly  becomes  elliptical  or  extended  along  the 
ecliptic.  There  seems  to  be  a  similar  change  in  the  first 
part  of  April,  though  this  is  not  so  well  established  as  the 
October  change.  I  had  hoped  to  settle  the  important  facts 
in  connection  with  the  April  change  this  year  but  the 
weather  did  not  permit  observations  at  the  critical  time. 

The  Gegenschein  seems  to  be  as  well  seen  at  the  Yerkes 
Observatory  as  it  was  at  the  Lick.  Indeed  I  have  been 
struck  with  the  fact  that  this  object  does  not  require  a  very 
transparent  sky  to  show  it  well,  and  there  have  been  times 
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when  there  was  a  suspicion  that  it  was  best  seen  on  a  nut 
too  transparent  sky.  It  is  so  easily  seen  here  that  nearly 
everyone  connected  with  the  observatorj  has  seen  it,  though 
tln\   were  not  familiar  with  it  before. 

It  will  be  noticed  that  tin'  present  observations,  like  the 
ones  previously  printed,  give  a  north  latitude  to  the  Gegen- 
schein, and  that  there  is  a  tendency  to  lag  in  longitude 
that  is  its  longitude  is  not  quite  180°  greater  than  thai  of 
the  sun.  These  two  peculiarities,  as  1  have  pointed  out  in 
A. J.  XI 11,  171,  are  doubtless  due  to  atmospheric  absorp- 
tion. I  have  been  waiting  to  see  the  observations  made  by 
the  Harvard  College  Observatory  party  at  Arequipa,  in  1 893. 
Those  important  observations  when  published  ought  to 
definitely  settle  the  question  as  to  whether  the  observed 
north  latitude  of  the  Gegenschein  is  due  to  the  effect  of 
atmospheric  absorption. 

These  interesting  features  will  be  readily  noticed  in  the 
following  tabulation  from  my  observations  of  the  past 
fourteen  years. 


Diff 

Long. 

Dates 

Latitude 

U- 

-0) 

Observations 

1883- 

1SS7 

+  0.4 

179.4 

16 

1888- 

■1891 

+  1.3 

V 

•'.1.4 

16 

1893 

+  0.5 

179.6 

22 

1894- 

-1897 

+  0.4 

1 

'9.9 

11 

In  contrast  to  these  the  three  observations  of  1894  make 
this  difference  greater  than  180°.  It  is  this  rather  abnor- 
mal condition  of  1894  that  makes  the  last  value  in  the 
above  table  very  closely  180°,  while  the  observations  for 
1895  and  1897  persistently  show  that  it  should  be  consider- 
ably less  than  180°. 

Positions  of  the   Gegenschein. 

1894  a  8  I  §     ;.-©         A 

(1      li       m  h       m  o  o  o  o  o 

Aug.  27  12  55  22  36  -   8.9  337.2  0.0  182.2  +2.2 

30  11  15  22  40  -   7.9  338.5  +0.5  180.7  +0.7 

Sept.    4  11    0  22  56  -  6.9  342.5  0.0  180.8  +0.8 

1895 

Feb.    27  13  30  10  41  +13.0  156.6  +0.4  177.0  -3.0 

Mar.  23  12  30  12  15  -0.1  183.5  +1.5  180.5  +0.5 

Sept.  18  10  30  23  43  -0.6  355.8  +1.2  179.S  -0.2 

1897 

Mar.  24    9  50  12  15  -  2.7  184.4  -1.0  179.6  -0.4 

26  12  30  12  24  -  2.9  186.8  -0.3  179.9  -0.1 

April  25  10  10  14  16  -12.4  215.9  +1.0  179.7  -0.3 

26  10  55  14  14  -12.9  215.4  +0.7  178.2  -1.8 

30  10    0  14  37  -15.4  221.7  0.0  180.7  +0.7 

In  the  observations  of  1894  and  1895  the  times  are  eight 
hours  slow  of  Greenwich,  aud  six  hours  slow  in  1897. 

For  a  single  observation  these  give  a  probable  error  of 
±0°.6fory8  and  ±0°.9  for  X,  while  the  probable  error  of 
the  mean  is  for  /3  ±0°.17  and  for  A.  ±0°.28. 
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-  oh    i  in    Gegenschein. 

1894  Aug.  27.     Though  there  is  a  dense,  misty  sky,  the 
.  /,.///  is  seen  as  a  thickening  or  whitening  of  this 
and  can  be  fairly  located. 

Aug.  30.   [t  does  not  extend  ti  iricornus.   Round, 

15   or  20°  in  diameter.     It  is  a  milky,hazy  light,  well  seen 
on  a  noi  v  ery  clear  sky. 

1.     It  \s  }r.\/\  and  indefinite.     It  does  noi  extend 
in  the  direction  of  Capricornus. 

L895  Feb.  27.     Large,  roundish  and  diffused.     It  covers 
tin-  entire  bo  Lion. 

March  23.     Pretty  distinct,  roundish. 
S     •    is.     Large,  roundish  and   dense,   17.     or   more    in 
diamel 

1897  March  24.     Very  large  ami  dense.     Roundish  ami 
aln. in  20°  in  diameter. 

Warch  25.     Well  seen.     Very  large  and  roundish:  1  have 

seen  it  so  large  as  it  was  lasl  night  ami  is  to-night. 

A  very  careful  estimate  made  it  25°  in  diameter  to-night. 

meal  band. 

March  26.    Fairly  conspicuous  ;  cannot  say  that  it  is  over 

diameter.     It   is  large  ami  diffused  and  so  far  as  I 

•  i  Hid.     Not  certain  of  an;  zodiacal  band,  though 

Looked  for. 

[[arch  'J7.     Not  certain,  but  there  may  be  a  wide  zodiacal 


band  running  from  the  zodiacal  lighl  eastward  through  the 
place  of  Jupiter,  bul  . -1111101  be  anyways  certain  of  it. 

March  30.  1  I'1  the  Gegenschein  is  seen  bul  the  mistiness 
of  tl..'  skj  makes  its  location  too  uncertain.     There  is  no 

zodiacal  ha  ml  cast  of   it.  though  the  sky  to  tin-  cast   is  fair. 

April  25.  Large  ami  very  diffused.  Elongated  along 
thr  ecliptic,  bul  bright  stars  make  it  difficult. 

April26.  Tho  Gegenschein  isverj  difficult  to-night.  It 
is  difficult  on  account  of  the  milky  sky.  It  is  very  Large 
ami  possibly  elongated,  hut  noi  certain.  There  seems  to  he 
a  very  diffused  zodiacal  hand  running  from  it  towards  Leo, 

passing  .V  north  of   Spica. 

It  is  interesting  to  compare  the  probable  errors  oi  the 
determination  of  the  j>< >sii  h .n  of  the  Gegenschein  from  the 
different  sets  ..I  observations  previously  published  bj  in.'. 
Tin'  following  table  was  formed  by  using  the  means  ol 
rent  series  of  observations  as  reference-points. 
Probable  Errors  of   Gegenschein  Observations. 


in  Latitude 
One  "lis.     Mean 


In  Longitude 

t  in.'  obs.      Mean 


iss.;   lss: 
1888-1891 

L893 
1894    1897 


±  1 .5 
±1.3 

±0.3 

±0.G 


t  0.38 
±0.30 
t  0.06 
±(1.17 


±1.4 
±1.4 
±0.7 

±n.;i 


I  0.34 
±0.34 

±(U  I 
±0.28 


Terkes  Observatory,  Williams  Bay.  Wisconsin,  1897  J/.o/  in. 
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1897  Mt.  Hamilton  M.T. 

* 

No. 

#- 

-* 

o^'s  apparent 

logp& 

Aa 

Ah 

a 

6 

for  a 

for  3 

Jan.  23 

9  51  42 

1 

dlO  .  8 

+u"'l'i-0.i<; 

-2  43*7 

h       in      8 

4  46     1.91 

-0  18  53.0 

9.212 

0.731 

23 

in  24  11 

2 

./in  .  8 

-0  20.81 

-3     5.3 

1    16     5.67 

-ii   18    15.7 

9.350 

0.731 

24 

9  42     6 

•'• 

1 

+  7  21.4 

-ii  1  1  26.8 

n.7L'.". 

24 

in  19  25 

3 

dlO  , 

-(>     5.22 

4  49     7.03 

9.336 

25 

9   18  40 

1 

10  .  6 

-3  25.62 

+  1  55.9 

4  52     1.88 

-(»    9  46.1 

9.233 

0.726 

Feb.    9 

7  .".7  53 

5 

dlO  ,  8 

+  o    0.98 

—  2     1.2 

5  .".1    I7.CS 

+  1    16  16.3 

«8.724 

0.715 

25 

8    12     2 

7 

./in  .  8 

-0  12.74 

+3  36.3 

6     8  18.13 

+2  54    1  is 

9.072 

0.698 

27 

9     1  53 

8 

./ID  .  S 

+  0     2.61 

+3  42.9 

(1  12  36.22 

+  3     5  30.3 

9.218 

0.(197 

Mean   Places  for  1897.0  of  Comparison- Stars. 


* 

a 

Red.  t.' 
app.  place 

« 

Red.  t.. 
app.  place 

Authority 

1 

h 

1    15  33.12 

+  L83 

-0°  16' 12*8 

+  3.5 

*  (Gottingen  1337+Radcliffe  3,  1 1  15 

2 

1    L6  24.65 

+  1.83 

_0  15   13.9 

+3.5 

( rottingen  1346 

3 

1    19   10.42 

-  1  33 

-0  21   51.5 

+3.3 

Gottingen  1368 

4 

1  55  25.65 

+ 1 .85 

-((  11    15.1 

+  3.1 

Gottingen  1414 

5 

5  31    14.82 

+ 1 .88 

+  1    18  16.0 

+1.5 

Micrometer-comparison  with  s|e6 

6 

5  30  25.94 

±1.87 

+  1  15  19.8 

+ 1 .5 

Boss,  Albany,  AG.  L813 

7 

6     s  29.00 

+  1.S7 

±2  on  38.8 

-0.3 

Boss,  Albany,  A.G.  2073 

8 

6  12  31.73 

+  3     1  47.8 

-0.4 

Boss,  Albany,  AG.  2111 

d  indicates  that  the  J..  » 
iii  bosi  of  January 

aft,  i  }97  May 


ared  directly  with  the  micrometer.    The  observations  of  January  i'-i  and  24  were  made  with  the  12-inch 
25,  February  9,  25,  27,  were  made  » iih  the  36-inch  equatorial.     An  extended  period  of  bad  weather  prevented 

Boss's  val if  the  proper  motion  of  >|c  7  as  given  in  the  A.G.  Catalogue  has  been  applied. 

10. 
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ON  THE    LATITUDE   AND   VARIATION   OF   LATITUDE   AT   THE   U.S.  NAVAL 
OBSERVATORY,  WASHINGTON,  D.  C, 

By  Pkof.  WM.  HARKNESS,  l.s.v.,  Astronomical  Director,  and  Assistant  Astronomer  GEORGE  A.  HILL. 


The  following  observations  for  variation  of  latitude  were 
made  at  the  U.S.  Naval  Observatory  with  the  prime-vertical 
transit  instrument  of  77  inches  focus  and  4.86  inches  clear 
aperture,  magnifying  102  diameters,  and  with  a  meridian 
instrument  of  30  inches  focus,  and  2.55  inches  clear  aper- 
ture, magnifying  o'l  diameters,  which  can  be  used  either  as 
a  transit  instrument  or  as  a  zenith-telescope.  As  the  tele- 
scopes of  both  these  instruments  have  apertures  sufficient 
to  show  a  Lyrae  in  the  day  time,  the  plan  of  work  was  to 
observe  that  star  for  variation  of  latitude  at  every  possible 
culmination  throughout  the  year,  and  to  observe  yn  Androme- 
dae,  6  Aurigae,  a  Canum  Venaticorwm  and  y  Bootis  near  the 
times  of  their  maximum  aberration  in  order  to  disentangle 
the  latter  constant  from  the  latitude-variation. 

For  a  Lyme,  the  method  of  procedure  was  to  observe  it 
on  the  eastern  vertical  with  the  prime-vertical  transit,  then 
on  the  meridian  with  the  zenith-telescope,  and  finally  on 
the  western  vertical  with  the  prime-vertical  transit.  In 
that  way  the  declination  of  the  star  was  determined  at 
every  possible  culmination,  both  with  the  prime-vertical 
instrument,  and  by  measuring  its  double  zenith-distance 
with  the  zenith-telescope,  and  thus  a  very  complete  check 
is  obtained  on  the  work  of  both  instruments. 

Dealing  first  with  the  prime-vertical  transit  observations, 
let 

cf,   =  assumed  latitude  of  the  instrument, 
cf>  =   observed  latitude  of  the  instrument, 
8    =  catalogue-declination  of  the  star, 
8'  =  observed  declination  of  the  star, 

li1  =   observed  hour-angle  of  the  star  when  on  the  prime- 
vertical. 

Then  the  observations  can  be  reduced  so  as  to  give 
either  the  latitude  of  the  instrument  from  the  assumed 
declinations  of  the  stars,  or  the  declinations  of  the  stars 
from  the  assumed  latitude  of  the  instrument.  For  many 
reasons  the  latter  plan  seems  preferable,  and  accordingly 


the  reductions  have  been  effected  by  means  of  Stkuve's 
modiiication  of  the  formula 

tan  8'  =  tanqp  cos  A'  (1) 

But  for  our  present  purpose  we  have  to  determine  the 
variations  of  the  latitude  of  the  instrument  from  the  cor- 
rected declinations  of  the  stars,  and  to  that  end  we  remark 
that  whenever  the  observed  8'  comes  out  greater  than  the 
true  8,  it  indicates  that  the  assumed  qp  is  greater  than  the 
observed  <r'.     Consequently,  we  must  have 

(l'  =  q,-dcp  (2) 

and  if  we  put 

8  + (78  =   8'  (3) 

then  from  (1),  by  regarding  rp  and  8'  as  variable  and  differ- 
entiating, we  get 


,  cos'2p  tan<r 

d(f>    =    j-jr- — h-  «8'    = 

cos- 8'  tan  8'  sin 


Sm2ct'  (XT     X\ 
28'  *•         ^ 


and  the  substitution  of  that  value  in  (2)  gives 


<('   =    '/  + 


sm2g> 
sin  28 


,  (3-8'; 


(*) 


(">) 


As  five  stars  were  observed,  let  the  quantities  pertaining 
to  each  be  distinguished,  respectively,  by  the  subscript 
numerals  1,  2,  3,  4,  5.  Then  each  star  will  furnish  an 
observation-equation  of  the  form  (5),  but  in  general  the 
star-places  will  be  affected  by  systematic  errors,  and  in 
order  to  eliminate  them  each  declination  will  require  a 
small  correction,  which  we  will  desiguate  by  the  symbol 
J'&.  The  observation-equations  from  the  several  stars 
may  then  be  written  (fi) 

sin  2q 


&c, 


=<*>+• 


&c.} 


&c. 


sin2S4 


(z/'83+S3-83') 
(./'84  +  84-8/) 
(153) 
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Whence,  by  subtracting  the  first  equation  from  each  of 

the  others 

sin  28., 


• 


1'S,  - 


sin  28, 

s,n28,,rt' 


ft-V)  -  (8,-8,0 
V)  -  (8.-8,') 


&c. 


&c,        &c, 

If  we  regard  the  catalogue-declination  of  the  star  1  as 
definitive,  then  +  1'L.  +.  1% ,  +  ./'84J  +.-!%,  are  respec- 
tively the  corrections  to  the  catalogue-declinations  of  the 
stars  2.  •':.  I.  ."> ;  but  if  we  regard  the  catalogue-declinations 
of  the  stars  2.  3,  I.  5,  as  definitive,  then  —J'&., ,  —  J'S3 , 
— J\,  —  d'b\,  are  respectively  the  corrections  given  bj 
these  stars  to  the  catalogue-declination  of  the  star  1.  As 
none  of  the  catalogue-declinations  are  really  definitive,  it 
will  probably  be  best  to  take  the  weighted  mean  of  them 
all.  Tutting  y,  for  the  weight  of  8,,  p„  for  the  weight  of  &.,, 
and  so  on ;  the  correction  to  8:  will  then  be 


(8) 


Pi+Pa+P*+Pi+Pi 


A 


And  if  we  use  the  symbol  8°  to  represent  the  adjusted 
declinations,  we  shall  have 


(9) 


85  =  8,-  A 

1%  =   82-  A+J'&, 

Oq       =       Do —     A  ~T  ,  J   Oo 


8°  =  St-A  +  J'it 

8?  =   8,  -  A  +  J'S, 


Finally,  by  substituting  8"  for  8  in  (5),  we  obtain 


(10) 


qr'   =   q 


sin  28 


[(8-8')-. I  +  J'S] 


which  is  the  expression  to  be  employed  in  computing  the 

instantaneous  latitudes  from  the   individual  observations. 

If  now  we  put     q  +  C    for  the  true  latitude,  and   J®   for 

its  variation,  then 

(11)  q>'  —  <p  =  J*+  C 

and  (10)  gives 


(12)    J*+  C  = 


sin  _'</ 


[(8_8')  +  z/'8-^J 


sin  2(j 


(so-so 


sin  28  LV  "  J        sin  28 

In  reducing  the   prime-vertical    observations   made   be- 
IN9;j  July  21  and  lS'.K.i  June  30,  it  was  assumed  that 

q  =   +38°  55'  1  1".70 

and  for  the  catalogue-places  of  the  stars  observed,  Professor 
Lewis  Boss's  mean  declinations,  as  printed  in  the  American 
Ephemeris  and  Nautical  Almanac,  were  adopted.  They 
are  given  below  for  the  year  1893.0,  together  with  the  dif- 
ferential coefficients  necessary  for  reducing  them  to  any 
other  year  t.  The  subscripts  appended  to  the  8's  are  those 
used  to  indicate  the  several  stars  in  formulas  (6)  to  (9), 
and  throughout  this  paper. 


«  Lyrae, 
&t  =  +38    ll    2".88  +  3".178  (t  -1893)  +C.001  (t— 1893)s 
n  Andromedae, 

L  =  +;;:>  55'  s".34+  19".G10(i>-lS93)  +  0".000(f-1893)!! 

6  Aurigae, 
8a  =  +37°  12'  l6".40+0".580(<-1893)-0".005(*-1893)s 

a   ('iiinnii    }'r/iii/iri,rin,i, 

84  =  +38° 53'  ir.".:;'.i     L9".512(*-    ls<.).;,  +  0".001  (<-lS93)2 

y  Bootis, 
8.  =  +38°46'34".77-15".863  (/-lS93)  +  0".000(<-1893)a 

The  individual  observations  having  been  reduced  in 
accordance  with  Stkuve's  method,  the  resulting  apparenl 
values  of  8'  were  converted  into  mean  values  by  the  appli- 
cation of  the  reduction  from  apparenl   to  mean  place,  and 

then  by  subtracting  these  mean  values  from  the  respective 
catalogue-places  of  the  several  stars,  the  values  of  (S— 80 
were  formed.  All  of  them  are  collected  and  arranged  in 
chronological  order  in  Table  I*,  where  the  second  column 
gives  the  mean  astronomical  dates  of  the  observations;  the 
third  column  shows  the  stars  observed,  by  means  of 
the  numerals  1,  2,  3,  4,  5,  which  indicate  respectively 
a  Lyrae,  p.  And romedae,  9  Aurigae,  u  Canum  Fenaticorum, 
and  y  Bootis,  the  letter  R  being  appended  for  reflection- 
observations  ;  and  the  fourth  column  contains  the  observed 
values  of  (8—80- 

The  next  step  was  to  reduce  the  declinations  of  the 
several  stars  to  a  homogenous  system,  and  that  was  effected 
as  follows : 

1st.  The  values  of  (8— S')  for  <t  Lyrae,  which  are  desig- 
nated (8X  — 8/),  were  separated  into  groups  extending  over 
about  a  week,  and  the  means,  both  of  the  ($!  —  8/)s  and  of 
their  dates,  were  formed  and  collected  in  Table  II.*  These 
data  were  then  plotted  and  a  curve  was  drawn  through 
them  from  which  the  values  of  (8t  —  Sx')  could  be  accurately 
read  off  for  any  date. 

2d.  For  each  of  the  stars,  except  a  Lyrae,  a  table  was 
formed  giving  the  value  of  (8—80  resulting  from  each  ob- 
servation, together  with  the  simultaneous  value  of  (8!  — 8,') 
taken  from  the  curve  whose  construct  ion  has  just  been  ex- 
plained. These  values  of  (8—80  anc^  (8j  —  S,*)  were  summed 
separately  for  each  star,  and  the  results  are  given  in  the 
columns  of  Table  A,  headed  respectively  .£(8—80  a"'^ 
£(&!  —  8/).  Next,  these  sums  were  each  divided  by  the 
number  of  observations  entering  into  it,  and  from  the 
resulting  mean  values,  which  are  given  in  the  columns  oi 
Table  A  headed  respectively  (8  —  80  anc^  (8t  — S^),  the  values 
of  J'8  were  obtained  by  means  of  formula  (7).  Finally, 
with  the  weights  p,  which  are  those  attributed  by  Professor 
Boss  to  his  values  of  the  declinations,  the  value  of  A  was 
found  by  means  of  formula  (8),  and  the  corrected  declina- 
tions of  the  several  stars  were  obtained  through  formula  (9). 


No.  hi i 
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The  quantities  in  Table  A  ap] >1  v  to  all  the  observations, 
except  those  made  between  1894  March  12  and  Sept.  24. 
During  that  period  the  prime-vertical  transit  instrument 
was  affected  by  a  systematic  error  whose  origin  still  re- 
mains a  mystery,  but  it  seems  to  have  been  connected  with 
the  level-readings.  Fortunately  the  existence  of  this  error 
was  detected  very  soon  after  its  first  appearance,  and  in 
order  to  provide  for  its  elimination  the  observations  of 
a  Lyrae  were  frequently  made  by  reflecting  the  star  from  a 


basin  of  mercury.  The  results,  collected  from  Table  I,  are 
given  in  Table  B,  where  the  columns  headed  R  and  D  con- 
tain respectively  the  values  of  (8—8')  for  the  reflection  ami 
direct  observations.  The  dates  refer  strictly  to  the  reflec- 
tion-observations, and  the  corresponding  values  given  for 
the  direct  observations  are  generally  the  mean  of  those 
occurring  immediately  before  and  immediately  after  the 
reflection-observation. 


TABLE  A.- 


■Quantities  Required  fob  Correcting  the  Observations  made  with  the  Prime-Vebtical 
Transit  Instrument. 


Name  of  Star 

Limiting  Dates 

No. 
Obsns. 

1(8,-8/) 

I  (8-8') 

81-81' 

8-8' 

sin  28„ 

sin  281 

J'S 

V 

p  J'S 

a  Lyrae 

/<  Andromedae 

0  Aurigae 

a  Canum  Venat. 

y  Bunt  is 

1893.563  to  1896.498 
1893.835  to  1896.002 
1S93.744  to  1896.271 
1894.835  to  1896.470 
1894.422  to  1894.554 

287 
69 
91 
70 
21 

-10.86 
-44.45 
-27.61 
-35.24 

+  17.48 
-25.92 
-44.23 

-47.07 

-0.157 
-0.489 
-0.394 

-1.678 

+6.253 
-0.285 

-0.632 
-2.241 

0.9938 
0.9871 
1.0015 
1.0006 

0. 

-d.KHI 

-0.198 
+  0.237 
+  0.562 

26 

7 

3 

20 

I). 1)0(1 

-2.863 
-0.594 
+4.740 

Sums 

56 

+  1.283 

Name  of  Star 

A 

J'S— ^ 

Corrected  Declination 

1803.0 

sin2<0 
sin  28" 

a  Lyrae 

ix  Andromedae 

6  Aurigae 

c.  Canum  Venat. 

y  Bootis 

+  0.023 
+  0.023 
+  0.023 
+  0.023 
+  0.023 

-0.023 
-0.432 
-0.221 
+  0.214 
+  0.539 

+  38  41     2.86 
+  37  55     7.91 
+  37  12  16.18 
+  38  53  46.60 
+  38  46  35.31 

1.0018 
1.0081 
1.0149 
1.0003 
1.0012 

TABLE  B.  —  Comparison  of  the  Direct  and  Reflection  Observations  of  a  Lyrae. 


Date 

R 

D 

R—B 

i(B—B) 

Date 

R 

D 

R—B 

i(R-D) 

IK'.H 

May     3.7 

+  0.84 

-1.88 

+  2.72 

+  1.36 

June  20.5 

+  0.60 

-1.70 

+2.30 

+   1.15 

7.7 

0.31 

1.88 

2.19 

1.10 

23.5 

0.05 

1.19 

1.24 

0.62 

9.7 

0.53 

1.94 

2.47 

1.24 

July     3.5 

0.63 

1.34 

1.97 

0.98 

12.7 

0.32 

1.90 

2.22 

1.11 

13.5 

0.51 

1.59 

2.10 

1.05 

25.7 

0.04 

1.74 

1.78 

0.89 

20.5 

0.80 

1.95 

2.75 

1.38 

June    8.6 

0.6S 

2.38 

3.06 

1.53 

20.8 

0.81 

1.96 

2.77 

1.38 

10.6 

1.06 

2.26 

3.32 

1.66 

Sept.  20.2 

0.40 

1.91 

2.31 

1.16 

14.6 

+  0.42 

—  2.24 

+  2.66 

+  1.33 

23.2 

+  0.72 

-1.96 

+  2.6S 

+  1.34 

Sum 

Mean 

+  19.28 

+  1.205 

Doubtless  it  is  best  to  assume  that  the  true  declination 
of  any  star  is  the  mean  of  the  declinations  found  for  it 
from  direct  and  reflection  observations,  and  in  that  case  we 
shall  have  from  (9)  for  a  direct  observation 

(13)  8 °  =   8  +  J'S  -  A  +  \  (R-L>) 
and  for  a  reflection-observation 

(14)  8°  =  S  +  J'S-A-i  {R-D) 

By  substituting  these  values  in  (12),  and  putting  at  the 

same  time 

sin2<r 

-=— oi  =  1  +  m 

Sill  2b 
we  get 


J<P  +  C  =  (l  +  m)[(S-S')+J'8-A±l(R-D)2  (15) 

=  (8-8')  +  m  (S-S')  +  (1  +  >H)[J'S-A±i  (R- D)~] 
where  the  double  sign  is  to  be  taken  positive  for  a  direct 
observation,  and  negative  for  a  reflection  one.  As  m  is 
very  small,  if  we  write 

K  =  w(S-S')  +  (l  +  m)[J'S-A±\(R-L>)]  (16) 
A"  will  be  nearly  constant  for  each  star,  and  after  tabulat- 
ing it  to  the  argument  (8  —  8'),  the  variation  of  the  latitude 
can  be  found  by  a  simple  addition,  in  accordance  with  the 
formula 

J4>  +  C  =   (8-8')  +  K  (17) 
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Table  C  has  been  computed  by  means  of  formula  (16), 
with  the  \a:  .     1'S—A,  and    j  (J?     D)     given  in 

Tables  A  and  B.     It  contains  all  the  values  of  K  which  are 
i  ntire  series  of  prime-vertical 
I  Pari  1   being   for  -tar-   observed  when    the 
instrument  was  working  normally,  viz..  during  the  periods 
tr,  .in  L893Jul3  -l.l  to  L894  February  L0.9,  and  Erom  L894 

mber  25.7  to  1896  June  30.5;  and  Part  II  beii 
stars  observed  when  the  Instrumenl  was  working  abnor- 
mally, viz.,  during  the  period  Erom  1894  March  12.8, 
t. mil.  r  24.2.  In  order  to  avoid  interpolation,  the  table  is 
so  arranged  thai  the  limits  within  which  each  ralue  of  A 
applies  are  sh..wn  by  the  values  of  (8— 8')  between  which  it. 
is  placed.  For  example,  in  the  case  of  ft  Andromedae,  f or 
all  values  of  (8-8'i  between  +  L".30  and  +0".06  the  value 
of  K  is  -0".430. 

1  LBLE  C.  —  Vai.i  es  of  A",  fob  Reducing  Obsess  itions 

\|  LDE  WITH  THE    I'm  Ml  A '  1  I ;  1  [(    VI.  T'l;  V\M  I    [nSTEI   KENT. 


Name  el'  star 

Part  1.  General 

Pari  11.  Special 

8-8' 

K 

8-8' 

K 

«  Li/rae  (Direct) 
1 

a  Lyrae  (Reflected) 

^  Andromedae 
2 

b  Auri 
3 

4 

y  BoOtiS 

5 

+   4.44 

-  1.11 

-  6.67 

+  1.30 
+  0.06 

-  1.17 

+   1.29 
+  0.62 

-  0.05 

-  0.72 

-  1.39 

+  3.00 
-30.33 

-D.02 
-0.03 

-0.43 

-0.44 

-d.21 
-0.22 
-ii.-.':; 
-0.24 

+0.21 

+6.06 

+  (1.511 

-5.  im; 

+  2.89 
-2.67 

-0.92 
- 1 .59 
-2.26 

+  7.42 
-0.92 
-9.25 

+  1.19 
+1.18 

-1.23 

+  0.9S 
+  0.97 

+  1.7.-, 
+  1.74  j 

iccor dance  with  formula  (17),  the  quantities  in  the 
columns  of  Table  I,  headed  J*  +  C,  were  obtained  from 
those  in  the  columns  headed  (8— 8')  by  adding  to  the  latter 
the  proper  values  of  A",  taken  from  Table  C  with  the  argu- 
ment (8—8'). 

It  yet  remains  to  consider  the  observations  of  a  Lyrae 
made  by  Talcott's  method  during  the  period  extending  from 
1894  Nov.22.1  to  1896  June  30.5.  The  object  to  be  attained 
was  the  accurate  measurement  of  the  double  zenith-dis- 
tance of  the  star,  and  the  meridian  instrumenl  employed 
was  provided  with  5  right-ascension  webs  at  intervals  of 
about  15  seconds  of  time,  and  3  zenith-distauce  micrometer- 


webs  at  intervals  of  about  17  minutes  of  arc.  The  right- 
ascension  webs  were  numbered  I  to  V,and  the  micrometer- 
webs  were  designated  respectivelj  A.  B,C;  the  latter  being 
farthest  from  the  micrometer-head.  The  method  of  pro- 
cedure was  to  set  the  zenith-distance  level  so  that  the  opti- 
cal axis  of  the  telescope  pointed  to  the  zenith,  and  then  to 
make  the  levi  reversal,  and  micrometer-pointings 

precisely  as  would  have  been  done  in  observing  a  pair  of 

stars.  The  star  entered  the  field  near  either  wel,  A  or 
web  C,  according  as  the  clamp  was  west  or  east,  and  in 
either  case  one  micrometer-bisection  was  made  with  web  A, 
at  right-ascension  web  I,  and  the  other  with  web  C,  at 
right-ascension  web  V.  By  making  the  bisections  at  these 
right-ascension  webs  an  interval  of  one  minute  was  ob- 
tained for  reversing  the  telescope  and  making  the  second 
pointing,  and  by  using  micrometer-webs  A  ami  C  the 
movement  of  the  micrometer-screw  necessary  for  measure- 
ing  the  double  zenith-distance  of  about  28.5  minutes  was 
reduced  to  about  5  revolutions.  The  observations  on  suc- 
cessive days  were  begun  with  the  clamp  alternately  east 
and  west. 

The  reduction  of  the  observations  was  effected  by  the 
formula  i  1  8) 

8'  =  g> -i  R  ( .)/.,  -  J/,..  I  +  i  D  [(JV+  S)w  -  (2T+  S)  J  - r-  IS 
where  8'  is  the  observed  declination  of  the  star;  <r  the  as- 
sumed latitude  of  the  instrument ;  J/,  and  .)/t.  tin'  microme- 
ter-readings upon  the  star  at  zenith-distance  webs  A  and  C  ; 
Ji  the  value  of  one  revolution  of  the  micrometer-screw, 
expressed  in  seconds  of  arc ;  N  and  5  the  readings  of  the 
north  and  south  ends  of  the  level-bubble,  the  subscripts 
e  and  "•  indicating  which  readings  were  made  with  clamp 
east  and  which  with  clamp  west ;  D  the  value  of  one 
division  of  the  level-scale,  expressed  in  seconds  of  arc; 
/■  the  refraction,  and  ./8  the  correction  for  curvature  of  the 
path  of  the  star  between  web  I  or  V,  and  the  central  web 
which  marked  the  meridian. 

In  connection  with  formula  (18),  two  points  require 
special  notice,  viz.:  —  1st,  as  the  meridian  instrument  was 
40(1.7  feet  =  4".020  south  of  the  prime-vertical  transit  in- 
strument, we  must  have  Latitude  of  Meridian  Instrument 
=  (Latitude  of  Prime-Vertical  Transit  Instrument)  —  4".o2. 
2nd,  owing  to  the  magnitude  of  the  double  zenith-distance 
of  uLyrae,  it  was  necessary  to  determine  the  value  of  the 
micrometer-screw  with  more  than  usual  accuracy,  and  that 
was  satisfactorily  accomplished  by  measuring  the  differences 
of  the  zenith-distances  of  the  stars  b,  e,  d,  77, /and  h  Tauri, 
on  18  different  nights. 

The  numerical  values  of  the  constants  in  formula  (18) 
are  as  follows : 

55'  1  l".70  -4".02  =    +3S°  55'  10".68 


q    =     +38' 

E  =       68".4554   ±0".0028 
I)  =         1".23 


r  _  0".22 
.18  =  0".20 
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and  their  substitution  in  the  formula  reduces  it  to  the  con- 
venient expression 

8  =  38°55'10".26  -34".2277  (J/,-,1/,,) 

(19)  +0".3076  1 1  .V  h  S)„  -  (N+  S).] 

As  already  explained,  it  was  intended  that  at  every  possi- 
ble culmination  aLyrae  should  be  observed  both  with  the 
prime-vertical  transit  instrument  and  with  tin-  zenith-tele- 
scope, and  as  the  values  of  .  /<J>  +  C  which  result  respec- 
tively from  these  two  methods  of  observation  should 
evidently  be  identical,  they  provide  a  means  of  eliminating 
any  small  errors  which  may  exist  in  the  constants  of  the 
zenith-telescope.  To  that  end  let  £  be  the  zenith-distance 
found  by  Talcott's  method,  and  suppose  it  to  be  affected  by 
the  small  error  <7£,  so  that  the  true  zenith-distance  is 
£  +  d£.     Then  we  shall  have  the  two  equations 

(20)  (p  =   8'  +  £ 

(21)  q,'  =   8°  +  (i  +  dO   =   8  +    1'8-A  +  a+d£) 
whence 

(22)  q'  -q    =   (S-V),  +  J'8  -  A  +  d£  =   J*  +  C7 

And  by  equating  this  to  the  value  of  J<!>  +  C  given  in 
(12).  we  get 

(23)  M-A  +  dC  =  !g||  [(8-8-).+ J'8-.-l] -(8-89, 

where  the  subscripts  v  and  v  indicate  the  values  of  (8— S') 
which  have  been  obtained  respectively  from  observations 
made  with  the  prime-vertical  instrument  and  with  the 
zenith-telescope. 

All  the  zenith-telescope  observations  of  uLyrae  are  con- 
tained in  Table  VII*,  and  by  comparing  that  with  Table  I*, 
191  cases  were  found  in  which  (8—8')  was  determined  both 
with  the  prime-vertical  transit  instrument  and  with  the 
zenith-telescope,  either  at  the  same  culmination,  or  under 
circumstances  which  permitted  the  observed  values  to  be 
safely  interpolated  to  the  same  culmination.  All  these 
simultaneous  values  are  collected  in  Table  VIII*,  and  by 
the  application  of  formula  (23)  to  the  data  therein  con- 
tained, we  derive  the  numbers  exhibited  in  Table  D.  It  is 
worthy  of  note  that  the  value  found  for  d£  barely  exceeds 
that  part  of  the  probable  error  of  (8  —  8')  which  arises  from 
the  uncertainty  in  the  value  of  a  revolution  of  the  zenith- 
distance  micrometer-screw;  viz., 

±0".0028X  12.5  rev.  =  ±0".0350. 

All  the  values  of  J*  +  C  which  result  from  the  zenith- 
telescope  observations  of  a  Lyrae  are  given  in  the  last 
column  of  Table  VII,  and  have  been  derived  from  the  cor- 
responding values  of  (8—8'),  given  in  the  third  column,  by 
adding  to  the  latter  the  value  of  ./'8  —  A  +  d£  found  in 
Table  D,  viz.,   +0".02. 


TABLE  l>.    -Values   of    J'B  —  A+d£,  and  of  d£,     fob 

Reducing  Observations  made  with  the 

/.IN  cth-Telescope. 


i'i  him   Vertical 

Zenith  Telescope 

No.  of  observations 

191 

191 

-1(8-8') 
(8-8') 
J'S- A 

(8-8')  +  ./'8-J 
sinL'if  /sic  28 

-94.79 

-  0.4963 

-  0.0229 

-  0.5192 
1.0018 

-102.76 
-     0.5380 

S!"2J[(8    S')  +  ./'S     A] 
sin  28 

A'S-A+dt 

-     0.5201 

+     0.0179 
+     0.0408 

Tables  I  and  VII  contain  all  the  individual  observed 
values  of  .  M>  +  C,  and  the  next  step  was  to  form  semi- 
monthly means  from  them.  In  doing  so  the  first  half  of 
each  month  was  regarded  as  consisting  of  15.0  days,  ex- 
cept in  the  case  of  February  where  it  was  allotted  only 
14.0  days  ;  and  in  every  case  the  remainder  of  the  month 
was  regarded  as  constituting  the  second  half.  The  semi- 
monthly means,  both  of  the  values  of  A<P  +  C  and  of  the 
dates  to  which  they  correspond,  are  given  in  Table  [  \ , 
where  the  prime-vertical  observations  are  kept  separate 
from  those  made  with  the  zenith-telescope,  partly  to  show 
the  results  given  by  the  two  perfectly  independent  methods, 
and  partly  because  of  their  different  weights,  arising  from 
the  great  difference  in  size  between  the  telescopes  of  the 
two  instruments.  The  quantities  in  the  columns  headed 
"  Weighted  Means  "  are  to  be  regarded  as  the  final  ob- 
served results,  and  in  forming  them  from  the  quantities  in 
the  columns  headed  " Prime- Vertical  Observations"  and 
"  Zenith-Telescope  Observations,"  a  zenith-telescope  obser- 
vation has  been  given  only  half  the  weight  of  a  prime- 
vertical  observation. 

Dr.  S.  C.  Chandler  thinks  that  the  latitude-variation  is 
composed  of  two  terms,  whose  periods  are  respectively 
[41.'.s.C,  +  55  sin  ((--2,402,327)  0°.015]  clays,  and  one  tropical 
year*.     If  so,  we  may  write  with  sufficient  accuracy 

.  /o  +  C  =    -  >\  cos  [(*-  7', )  0°.841 1 22]  (24) 

—  /•„  cos(Q—  G)  +  C 

where  ©  is  the  sun's  longitude  at  the  date  t ;  and  then  by 
the  method  of  least  squares  we  may  determine  C,  rlt  r„,  Tx 
and  G  from  the  observed  values  of  J4>  +  C.  This,  how- 
ever, would  involve  an  amount  of  labor  which  is  scarcely 
justified  by  the  limited  period  over  which  the  observations 
have  extended,  and  in  view  of  the  fact  that  six  of  the 
428-day  periods  are  almost  exactly  equal  to  seven  tropical 
years  it  will  probably  be  better  to  wait  until  seven  years' 

*Ast.  Jour.,  1895,  vol.  15,  p.  193,  and  1S97,  vol.  17,  p.  G3. 
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observations  have  accumulated,  and  thru  bj  means  of  the 
harmonic  analysis  it  will  be  possible  to  obtain  satisfactory 
values  of  all  the  constants  with  very  little  labor 

Meanwhile  it  is  desirable  to  gel  of  the  value 

of  C,  and  the  Hist  step  in  that  direction  will  be  to  di 

bhe  observations  a  uniformly  distributed  system  of 
values  of  ./•!■+  C.  To  that  end  theweighted  meanvalues 
li  +  c.  given  in  Table  IX.  were  plotted  upon  squared 
paper,  a  smooth  curve  was  drawn  through  them,  and  from 
n  the  required  values  were  read  off  al  intervals  of  0.05  of 
a  tropical  year  =  18.262  days.  Thevalues  thus  obtained 
are  given  in  Table  E,  and  in  order  to  cover  a  period  of 

complete  years,  the  observations  have  been  extended 
i.i  a  date  about   one  month    later  than  in  the  other  tables. 

otal  number  of  equidistanl  values  thus  obtained  is  60, 
and  their  sum  is    — 28".98.     We  therefore  have  from  (24) 
-28".98   _        r,2eos(^-T1)0°.841 


/ 1.  4-  C  = 


f,i>  Hit 

r,l- cos  (Q-G) 


As  these  observations  extend  over  36  months,  they  em- 

TAP.LK   E.  —  Equidistant  Values  of  /J*+C,  read 
i 'ROM    riiK  Smoothed  Curve. 


Date 

1893 

1894 

1S93 

L896 

0.00 

-0.11 

-0.45 

-0.25 

.05 

.16 

.54 

.32 

.10 

.21 

.65 

.40 

.15 

.28 

.70 

.46 

.20 

.in 

.69 

.52 

.25 

.52 

.60 

.52 

.30 

.00 

.53 

.45 

.35 

.66 

.53 

.38 

.in 

.70 

.60 

.35 

.45 

.70 

.70 

.36 

.50 

.70 

.7(3 

.40 

.55 

.71 

.80 

-0.50 

.60 

-0.60 

TO 

.80 

.65 

.45 

.70 

.80 

.7(1 

.30 

.69 

.7.". 

.75 

.28 

.64 

.62 

.80 

.11 

.58 

.43 

.85 

.08 

.51 

.27 

.90 

.08 

.45 

.20 

0.95 

-0.10 

-0.41 

-0.20 

3 

-2.00 

-10.45 

-11.62 

-4.91 

The  value  of  C  given  in  (26)  rests  upon  620  observations 
with  the  prime-vertical  transit  instrument,  and  248  obser- 
vations with  the  zenith-telescope,  and  from  it  we  obtain 
the  results  in  the  opposite  column. 

Iu  conclusion,  it  seems  proper  to  state  that  while  the 
Astronomical  Director  is  responsible  for  the  plan  of  the 
work  ami  for  the  mathematical  theory  employed  in  the  fore- 
going discussion,  the  observations  themselves  were  all  made 
and  reduced  by  Assist.:  ner  Hill. 


ids  of  the  128-day  term,  and  exactly  3 
periods  of  the  annual  term.  Consequently  the  effect  of 
the  latter  disappears  completely  from  the  mean  of  the 
series,  and   although    we  cannot   rigorously   evaluate    the 

former  for  want  of  knowledge  of  '/',,  nevertheless  the 
maximum  limit  of  its  influence  is  easily  estimated.  To 
that  cud   we  remark   thai    for   0.560    of    the     128-day  period. 

the  term  2'cos(t—  2\)  0°.841  requires  the  summation  of 
13cosinesat  intervals  of  18.262  days  multiplied  by  0  .Ml  L2 
=  15°.361,  and  if  we  begin  at  either  90°  or  270°  the  series 
will  amount  to  7.367, which  is  approximately  its  maximum 
value.     Therefore  (25)  gives 

_0".483  =    C±0.123r,  (26) 

and  as  the  value  of  i\  can  scarcely  exceed  0".18,  the  limit 
of  the  uncertainty  which  it  can  produce  will  be  about 
±  0".022,  and  the  total  probable  error  of  C  may  fairly  be 

estimated  at  not  more  than   ±0".]0. 

Bj  subtracting  the  value  of  G  given  in  (26)  from  the 
values  of  /•!•  +  C  given  in  Table  K,  we  obtain  the  observed 
values  of  the  variation  of  latitude  given  in  Table  F. 

TABLE  F. — Observed  Values  of  the  Variation  op 
the  Latitude  at  t«e  U.S.  N  lval  Observatory. 


Bate 

1893 

IV.  >  l 

1S95 

1896 

0.00 

" 

+  0.37 

+  0.03 

1-0.23 

.05 

.32 

-   .06 

.Hi 

.10 

.27 

.17 

.08 

.15 

.20 

.22 

f-0.02 

.20 

+0.08 

.21 

-0.04 

.25 

-0.04 

.12 

-0.04 

.30 

.12 

.05 

r-0.03 

.35 

.18 

.05 

.10 

.40 

22 

.12 

.13 

.45 

22 

.22 

.12 

.50 

.22 

.28 

t-0.08 

.55 

.23 

.32 

-0.02 

.60 

0.12 

.24 

.32 

.65 

l-o.i  i:; 

.22 

.32 

.70 

.18 

.21 

.27 

.75 

.20 

.16 

-0.14 

.80 

.37 

.10 

+  0.0.". 

.85 

.40 

-0.03 

.21 

.90 

.40 

+  0.03 

.28 

0.95 

(-0.38 

+  0.07 

+  0.2S 

.N.B.     The  i 

lus  sis;n 

indicates  tha 

t  the  observed  la 

itude 

was 

+  38° 


numerically  greater  than  the  mean  latitude. 

Results. 

Assumed  latitude  of  the  priine- 
verticaJ  t ransit  Lnsl runu-nt. 

I  Ibsen  ed  correction. 

Corrected  latitude  of  the  prime- 
vertical  transit  instrument,      +38°  55 

Reduction  to  center  Clock  Room, 

Latitude  of  center  of  Clock 
Room, 


1  I". 700 
-0".483     ±0".10 


14".217     ±0".10 
0".518 


\  38    55'  13".099     ±0".10 
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TABLE    IX.  — Semi-monthly   Means  ok  the  Obseuyed   Values  of  z/<t>  +  C. 


P,  v.  i  ibservations 
Mean  Date       No.  Obs.  dtp 


July  27.4 

Aug.  30.3 

Sept.    5.9 

24.5 

S.4 

22.5 

8.4 


Oct. 


Nov. 

23.2 
Dec.     7..'! 

22.7 

18'.4 

Jan.    12.9 

27.9 

Feb.      5.9 

Mar.   13.8 

22.0 

8.3 

24.9 

7.9 

17.6 

8.8 

22.6 

9.3 

20.4 

Aug.  31.3 

Sept.    6.3 

23.2 

8.5 

20.7 

6.3 

22.6 

8.5 

21.9 

1895 

Jan.      8.1 


Aviv. 
May 
June 
July 


Oct. 


Nov. 


Dec. 


Feb. 
Mar. 
Apr. 
May 
June 


9.5 
21.9 

7.0 
23.4 

8.8 
19.4 

9.0 
27.4 

4.9 
20.5 


Aug.  24.4 
Sept.    7.4 


23.5 
G.7 
22.8 
7.4 
21.9 
10.1 
22.2 

18% 

Jan.      7.1 
24.6 


Oct. 


Nov. 


Dec. 


4 

1 

5 

11 

L5 

11 

12 

18 

11 

6 

3 
3 


8 

9 

4 

10 

17 

16 

10 

1 

5 

11 

11 

12 

11 

25 

21 

21 

10 


12 
8 

16 
6 
6 
3 

12 
9 
3 

9 
11 
12 
15 
21 
11 

8 
16 
11 

6 

7 


-0.64 
0.22 
0.53 

-0.17 
+  0.01 
-0.04 
+  0.26 
0.04 
0.01 
+  0.23 

-0.42 

—0.09 

+0.01 

-0.88 

-1.18 

+0.31 

-0.41 

0.71 

0.78 

0.83 

0.40 

0.58 

0.45 

0.93 

0.57 

0.78 

0.54 

0.56 

0.46 

0.44 

0.54 

0.28 

0.58 

0.81 

0.00 
0.68 
0.70 
0.62 
0.42 
0.57 
0  84 
0.S4 
0.72 

o.OO 
o.To 
0.57 
0.74 
0.58 
0.14 
0.12 
0.25 
0.11 

0.17 
-0.31 


Z.  T.  Observations 


Nov.  25. 
Dec. 

21. 

1895 

Jan.     9. 

24. 
Feb.     8. 

21. 
Mar.     7. 

23. 
Apr.      8, 

19. 
May     9 

25. 
June     5. 

20, 
July  6. 
Aug.  24 
Sept.     7 

23 
Oct.      6. 


I'j.i 


Nov.  5 
21 

Dec.  8 
23 

1896 

Jan.      7 


23 


11 
6 
8 
6 

10 

11 
9 
8 

14 

7 
6 
6 

6 
6 


-0.93 
0.69 

0.27 

0.65 
0.52 

1.00 
0.23 
0.70 
0.52 
0.33 
0.77 
0.41 
0.56 
0.87 
0.58 
0.18 
0.86 
0.69 
0.17 
0.88 
0.62 
0.39 
0.38 
0.69 
0.24 

0.42 
-0.36 


Weighted  Mean 

Mean  Date       No.  Obs. 


July  27.4 
Aug.  30.3 
Sept.    5.9 


Oct. 
Nov. 
Dec. 

l! 

Jan. 


•J  I..". 

8.4 
L'L'..-. 

S.I 
23.2 

7.3 

9.9.  7 


Feb. 
Mar. 

Apr. 

May 


July 


Nov. 


Dec. 


12.9 
27.9 

5.9 
13.8 
22.0 

8.3 

L'4.9 

.9 

17.6 

June    8.8 

22.6 

9.3 

20.4 

Aug.  31.3 

Sept.    6.3 

23.2 

Oct.      8.5 

20.7 

G.3 

22.8 

8.5 

21.9 

1895 

Jan.  8.4 
24  3 

9.5 
21.9 

7.0 
:':;.  I 

8.8 
19.4 

9.0 
26.7 

4.9 
20.5 

6.7 
24.4 

7.4 
23.5 

6.7 

22.8 

Nov.     7.4 

21.9 

Dec.     9.6 

22.5 

1896 

Jan.  7.1 
24.4 


Feb. 

Mar. 

Apr. 

May 

June 

July 
Aug. 
Sept. 

Oct. 


d<? 


4 
1 
5 

11 
15 

11 
12 
18 
11 
6 

3 
3 
3 


8 

9 

4 

10 

17 

16 

10 

1 

5 

11 

11 

12 

11 

32 

26 

29 

13 


19 
11 
24 

9 
12 

6 
23 
15 
1  1 

6 
lo 
22 
21 
23 
35 
18 
15 
22 
17 

12 
13 


-0.64 
0.22 
0.53 

-0.17 
+  O.OL 

-O.Ol 

+0.26 
0.04 

o.oi 
+  0.'.':; 

-0.42 
-0.09 

+0.01 

-0.88 
-1.18 
+0.31 
-0.41 
0.71 
0.78 
0.83 
0.40 
0.58 
0.45 
0.93 
0.57 
0.7S 
0.54 
0.56 
0.46 
0.50 
0.56 
0.28 

0.59 
0.52 
o.S4 
0.59 
0.69 
0.67 
0.56 
0.52 
0.52 
0.75 
0.85 
0.64 
0.18 
0.75 
o.To 
0.46 
0.77 
0.58 
0.20 
0.21 
0.32 
0.15 

0.26 
-0.33 
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N°  mi 


P.  V.  <  >bservations 

/.  T.  <  Ibserval  Ions 

Weighted  Mean 

Meai 

No.Obs. 

J* 

(lean  Date 

No.Obs. 

-V 

Mean  !  lab 

V,   (  H,. 

-Jy 

'-:.'. 

[80S 

Feb     10.9 

8 

Feb.    10.9 

4 

0.48 

Feb.    L0.9 

12 

-0.37 

L9.3 

L0 

0.54 

I'd.  | 

3 

0.09 

19.6 

13 

0.51 

Mar.      8.0 

16 

0.47 

Mar.      8.0 

7 

0.30 

Mar.      8.0 

23 

ii.ll 

'.i 

0.45 

23.2 

5 

0.69 

22.4 

1  l 

0.50 

A.pr.     8.0 

8 

0.25 

A,,r.      9.2 

."> 

0.63 

A.pr.     8.3 

13 

0.34 

24.0 

8 

0.64 

22  7 

6 

0.88 

23.7 

1  1 

0.71 

9.1 

9 

0.43 

Ma\       8.4 

6 

0.09 

May     8.6 

15 

0.35 

25.0 

in 

0.43 

25.0 

.> 

0.1  1 

25.0 

15 

0.37 

June    S.O 

9 

0.30 

June    8.  1 

5 

0.42 

June    8.1 

1  1 

0.33 

22. 1 

S 

0.45 

24.1 

9 

0.46 

22.5 

17 

0.45 

July     8.5 

4 

0.38 

Julj     8.5 

6 

0.49 

July     8.5 

in 

0.43 

22. 1 

3 

0.38 

""  5 

4 

0.88 

22.5 

7 

0.58 

8  0 

11 

0.61 

Lug.     8.0 

11 

0.68 

Aug.     8.0 

.,.. 

0.63 

.1.1 

9 

0.43 

24.0 

'.i 

0.19 

24.0 

18 

0.35 

Sept.    7.7 

8 

0.54 

Sept.    6.8 

6 

0.80 

Sept.    7.:; 

1  1 

0.61 

24.2 

4 

0.70 

24.3 

3 

0.29 

2  l  2 

i 

0.59 

Oct.      S.7 

7 

-0.S9 

Oct.      9.3 

5 

-0.36 

Oct.      9.0 

12 

-0.74 

OBSERVATIONS  OF  COMETS    L896  Y,    1896  VII    AXD/1896, 

MAD]      \i     Mil     i.-.    HAVAL  OBSEBVATOBY, 

By  Pbof.  STIMSON  J.  BROWN. 
[Communicated  by  Prof.  \V\i.  Barkness,  CT.S.H".,  A.str< mica)  Director.] 


1896  7  Washington  M.T. 

* 

No. 
(  omp. 

Aa         |         Al 

a 

apparent 

1           8 

log  i»A 
for  a      |     for  8 

Comet  1896  V. 

Nov.   27. 

7     9.9 

2 

3,3 

-ii    :;.s:;      -0  54.2 
c.mii   f  1896. 

21 

6   L8.13 

|  -12  37 

16.2 

9.4459    0.8177 

N..\     25 

6  10.8 

3 

8  .  1 

+  0     1.76    j   +  5  31.0 

19 

56     8.53 

+   9  19 

26. 2 

9.4699  |0.6619 

Comet  1896  VII 

....     4 

■J   19.8 

4 

1 8  .  5 

+  0  33.26    1-1     2.4 

5 

19     s.l  l 

1   +   0  45 

3.3 

9.0915  10.7355 

23 

8  20.1 

5 

6,5 

-0     8.59    |   -0  46.44 

6 

3  41.33 

|  +  2  41 

48.5 

S.S211   1 0.7159 

Mean  Places  for  1896.0  and  1S9T.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  ;.> 
app.  place 

Authority 

1 

21    4  40.37 

4-3*23 

-12  42  16.4 

+   9.4 

Schjellerup  8524 

2 

21     6   18.73 

+3.23 

-12  36  56.6 

+   9.4 

From  *1.   Aa  +lm  38'.36,  Ah  +5'  19".S 

3 

19  56     1.42 

+  2.:;:. 

+  9  13  44.3 

+  10.9 

Lalande  :;si'ns 

4 

5   is  32.93 

+  1.89 

+   0  46     1.6 

+  4.1 

Bond's  B.C.  Zones  157-8,  No.  283 

5 

6     3  48.05 

+  1.87 

+  2    12  34.9 

0.0 

From  *6.     la  -37'.60 ;     /S  -10'  46".8 

6 

6    4  25.65 

+  1.87 

+   2  53  21.7 

0.0 

Boss,  Albany  A.G.  Zone  20409 

February  i'Od  Hie  comet  was  very  faint  ami  difficult  to  observe.     It  has  not  been  seen  here  since,  although  search  lias  been  made  for  it. 


THIRD   SATELLITE   OF   JUPITER. 

Mr.  I'll.-,  n  m.  Lowell  telegraphs  May  27  :     "Douglass  finds  Ganymede  rotates  in 


5M  ±1'' 
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A   NEW  DETERMINATION   OF 

liv  SIMON 
§1.     Preliminary. 

At  the  Conference  on  a  system  of  fundamental  stars  to 
be  adopted  for  international  use,  held  at  Paris  in  May  L896, 
I  was  requested  to  make  a  new  determination  of  the  con- 
stant of  precession.  This  work  being  completed,  it  seems 
important  to  publish  the  result  at  the  earliest  moment, 
without  waiting  for  the  official  publication. 

It  was  advisable  that  the  provisional  value  to  be  cor- 
rected should  be  so  taken  that  the  correction  should  be  as 
small  as  possible.  I  chose  as  most  likely  to  satisfy  this 
condition  the  values  of  the  precessional  motions  found  in 
my  Elements  and  Constanta,  pp.  1 '.(0-201.  Taking  the  cen- 
tury of  30524.22  days  as  the  unit  of  time,  the  value  of  the 
fundamental  quantity  which  enters  into  the  work,  which  I 
have  called  the  Precessional  Constant,  is 

P  =  5489".78 

The  corresponding  values  of  the  centennial  precessional 
motions  are,  in  terms  of  c,  the  obliquity,  and  X,  the  luni- 
solar  precession,  for  1850, 


General  precession, 
Luni-solar  precession, 
Precession  in  R.A., 
Precession  in  Decl., 


P  cost  —  A.  cose  =  5023.71 
P  cos  £  =  5030.02 

P  cos-c-  X  =  4000.36 

P  cos  t  sin  £  =  2004.79 


The  equinox  to  which  the  new  value  should  conform  was 
that  of  the  adopted  standard  system,  known  as  Nn  and 
identical  with  that  employed  in  the  American  Ephemeris 
from  1881  to  1899.  For  the  declinations  a  new  funda- 
mental system  was  constructed. 

For  reasons  which  I  need  not  detail,  it  was  deemed  best 
to  found  the  result  mainly  on  stars  of  Auwers-Bradley. 
The  systematic  errors  incident  to  a  comparison  of  any  other 
catalogue  with  modern  results  would  outweigh  any  probable 
errors  arising  from  the  diversity  of  proper  motions  of  the 
Bradley  stars.  The  use  of  this  material  offered  the  great 
additional  advantage  that  the  proper  motions  of  the  stars 
had  all  been  computed  by  Auwers,  and  were  therefore  at 
hand  to  serve  as  a  basis  of  the  work.     They  were,  however, 


THE   PRECESSIONAL   MOTION, 

NEWCOMJS. 
first  reduced  to  the  new  systems,  both  of  right-ascension 
and  declination.  The  systematic  corrections  were  not  in- 
considerable, especially  in  right-ascension,  as  the  reduction 
for  equinox,  and  the  reduction  from  Stbuve's  value  of  pre- 
cession to  the  system  N[ ,  both  had  the  same  sign.  Inci- 
dentally I  have  also  made  use  of  a  comparison  of  Lalaxdk's 
catalogue  with  modern  results  in  right-ascension. 

The  most  troublesome  feature  of  the  discussion  is  the 
parallactic  motion  of  the  stars  arising  from  the  solar  mo- 
tion. The  difficulty  thus  introduced  arises  from  the  fact 
that  this  motion  is  a  function  of  the  distance  of  the  star, 
an  unknown  quantity  for  which  no  criterion  can  be  applied. 
Doubtless  the  best  criterion  would  be  the  magnitude  of  the 
proper  motion  itself,  to  which  the  parallactic  motion,  in  a 
general  way,  has  been  found  by  Stumpe  to  be  proportional. 
But  the  application  of  this  criterion  would  have  implied  a 
knowledge  of  the  proper  motions,  which  themselves  depend 
ou  the  adopted  magnitude  of  the  precession.  There  would 
therefore  be  danger  of  systematic  error  in  introducing  this 
criterion.  It  was  therefore  necessary  to  introduce  the  very 
rude  criterion  of  the  magnitudes,  as,  in  fact,  has  been  done 
by  other  investigators. 

Another  difficulty  arises  from  the  fact  that  the  proper 
motions  of  the  stars  do  not  follow  the  normal  or  ex- 
ponential law  of  error  on  which  the  method  of  least-squares 
and  the  practice  of  taking  means  are  based.  As  compared 
with  the  normal  distribution  of  accidental  quantities  the 
facts  show,  in  the  case  of  the  stars,  a  very  great  excess  of 
small  and  of  large  proper  motions  above  the  normal  num- 
bers. This  is  a  very  natural  consequence  of  the  unequal 
distances  of  the  stars.  It  was  therefore  necessary  to  adopt 
the  system  of  excluding  stars  with  large  proper  motions. 
The  fact  of  the  great  number  of  stars  having  very  small 
proper  motions  led  me  to  set  much  narrower  limits  of  ex- 
clusion than  had  heretofore  been  usual.  About  one-fifth 
of  all  the  stars  were  excluded  by  the  limits  adopted. 

Instead  of  a  system  of  absolute  exclusion,  it  would  have 
been  theoretically  preferable  to  have  adopted  a  system  of 
weights  diminishing  with  the    magnitude   of   the    proper 

(161) 
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motion,  converging  towards  zero  as  the  motion  increases. 
But  a  comparison  of  the  statistical  distribution  showed  that 
no  materia]  advantage  would  thus  have  been  gained,  nor 
would  the  result  have  been  appreciably  affei  bed.  The 
method  of  omitting  entirely  stars  outside  oi  certain 
limits  was  therefore  adopted. 

I  iese  two  difficulties  in  the  treatment  led  me  to  adopt  as 
great  a  variety  of  methods  of  treatment  as  possible.  More- 
over, the  right-ascensions  and  declinations  were  first 
considered  separately.  The  number  of  separate  and  inde- 
pendent results  was  thus  made  as  great  as  possible,  in  older 
to  form  an  estimate  of  the  certainty  of  any  final  result  that 
might  be  obtained  from  their  combination.  By  most  of  the 
methods  separate  preliminary  results  were  obtained  from 
groups  of  stars  of  the  different  magnitudes.  In  making 
this  division  into  groups,  the  magnitudes  were  taken  as 
given  in  AuwEfts  Bradley.  The  stars  there  found  were 
divided  into  six  groups.  The  first  contained  all  the  bright- 
est stars  up  to  magnitude  2.9.  By  the  adopted  mode  of 
treatment,  it  was  necessary  to  combine  the  first  and  second 
magnitudes,  because  those  of  the  first  magnitude  were  too 
tew  in  number  to  be  treated  separately.  The  next  group 
comprised  the  stars  from  magnitude  3.0  to  3.9;  the  next 
from  magnitude  L0  to  4.9 ;  etc.,  up  to  magnitude  6.9.  All 
of  magnitude  7.0  or  higher  were  collected  into  a  single 
group,  and  designated  as  magnitude  7. 

?  2.      'I'm:   Statistical   Method. 

When  the  mean  of  a  series  of  quantities  is  to  be  found, 
there  is  one  definition  of  that  mean  which  is  independent 
of  the  distribution  of  the  quantities  in  magnitude.  We  may 
call  it  the  statistical  mean.  It  is  defined  as  a  quantity  such 
that  the  number  of  positive  and  negative  deviations  of  the 
given  quantities  from  it  are  equal.  If  the  total  number  of 
quantities  is  odd,  this  mean  will  be  one  of  the  quantities; 
if  even,  it  will  be  an  indeterminate  quantity  lying  between 
two  central  quantities.  The  indeterminateness  may  be 
avoided  by  taking  half  the  sum  of  these  quantities.  A 
-sion  of  the  advantages  and  limitations  of  this  method 
would  be  interesting,  but  cannot  be  undertaken  in  the 
present  paper. 

I  have  applied  the  method  only  to  the  right-ascensions. 
Were  there  no  systematic  differences  of  proper  motion  in 
different  parts  of  the  heavens,  or  were  the  stars  equally  dis- 
tributed around  the  circle  of  right-ascension,  we  should 
adopt  as  the  statistical  precession  a  quantity  such  that  tin- 
number  of  positive  and  negative  proper  motions  should  be 
equal.  Hut  there  is  a  marked  inequality  in  the  distri- 
bution which,  combined  with  the  parallactic  motion,  would 
lead  to  an  erroneous  result  by  taking  the  stars  as  a  whole. 
What  I  have  doni  .  has  been  to  divide  the  circle 

of  right-ascension  into  four  quadrants,  and  to  find,  in  each 
quadrant,  a  certain  proper  motion  /u0  such  that  the  number 


of  proper  motions  greater  and  less  than  ^0  should  be  equal. 
The  equality  is  not.  however,  absolute.  In  determining  /i0 
it  was  assumed  that  the  centennial  proper  motions  within 
the  second  of  are  containing  it  were  equally  distributed 

through  that  second.  The  quadrants  started  from  (lh.  It 
would  have  been  better  to  have  started  them  with  .'l1'  30m, 
in  order  that  the  right-ascension  of  the  solar  apex  should 
have  fallen  in  the  middle  of  a  quadrant  instead  of  nearly 
between  two.  lint  I  do  not  conceive  thai  any  materially 
different  result  would  thus  have  been  reached. 

The  values  of  /i(1  thus  found  for  the  four  quadrants,  and 
for  the  different  magnitudes  are  as  follows: 


Quadrant 


II 


III 


IV 


Mean 


W't. 


Mag.1-2  +3.0  -1.0  -2.0  +6.5  +1.7-  ".1 

3  +2.7  -5.1  -3.0  +3.4  -0.5  0.5 

4  +1.03  -1.15  -0.87  +2.11  +(1.43  l.S 

5  +2.05  -0.90  -2.20  +2.25  +0.30  0.3 

6  +2.00  -1.25  -1.94  +1.70  +0.13  12.0 

7  +2.8  -1.4  -0.3  +1.6  +0.08  3.5 


Combined    +2.11 


■1.25     -1.73     +2.08     +0.30 


A  combined  result  from  the  stars  of  all  magnitudes  may 
be  obtained  in  two  ways.  One  consists  in  taking  a  weighted 
mean  of  the  separate  results  from  the  six  groups  of  stars. 
Another  result  is  obtained  by  regarding  the  stars  of  the 
brighter  magnitudes  as  fractions  in  the  count  of  proper 
motions.  The  values  of  the  /i0  resulting  from  this  weighted 
count  are  given  in  the  bottom  line  of  the  preceding  table. 
The  two  results  for  the  observed  excess  of  the  mean  centen- 
nial precession  in  It. A.  for  all  the  stars  are 


Weighted  mean. 
Weighted  count, 
Adopted  result, 


+  0.27 
+  0.30 
0.285 


Assuming  an  equal  distribution  of  stars  this  excess  is  the 
value  of  100  Jm  multiplied  by  the  mean  value  of  cos  8  from 
the  pole  to,  say,  —20°  of  declination,  or  by  0.84.     We  there- 
fore have,  by  the  statistical  method,  using  E.A.'s  onl\ . 
0".2S5 


100    lm     = 


ll-.Nl 

Jlh  =    +0".37 


+  0".34 


§3.     Method  «y  Endlvidual  Stabs. 

The  reduced  proper  motions  p.  and  fJ  of  each  individual 
star  give  equations  between  the  corrections  ,1j\  to  the 
luni-solar  precession  the  distance,  p  of  the  star,  and  the  co- 
ordinates   X  Y  Z    of  parallactic  motion  of  the  following 

form : 

a.  I/),  +  sin  a cos  a  —  =  u.  cos  8 

P  P 

\  Y  Z 

b.  1p,  +  cos«  sin 8  - — |-  sin  it  sin  8 cos 8  —  =  // 

P  P  P 

The  second  method  .employed  consists  in  solving  all  the 
equations  of  condition  thus  formed,  the  solution  being  first 
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made  separately  for  each  magnitude,  regarding  p  as  the 
same  for  all  stars  of  a  group.  Afterward,  a  pair  of  equa- 
tions were  formed  from  all  the  magnitudes  combined,  assum- 
ing a  relation  between  the  values  of  p.  It  may  be  here 
remarked  that  in  the  second  equation  we  might  as  well 
have  put  at  once 

An  =  Apx  snl£  =  0.40///>i 
In  this  way  the  G  groups  give  us  12  sets  of  normal  equa- 
tions, 6  from  the  right-ascensions  and  6  from  the  declina- 
tions. Each  of  these  12  sets  admit  of  an  independent 
solution.  In  combining  them,  however,  account  must  be 
taken  of  the  fact  that  the  parallactic  motion  is  greater  in 
the  case  of  the  brighter  stars.  A  study  of  the  subject 
showed  that  the  reciprocals  of  the  parallactic  motions,  and 
therefore  the  values  of  p,  were  probably  inversely  pro- 
portional to  the  following  system  of  factors ;  that  is  to  say, 
the  parallactic  motion  for  any  one  magnitude  being  multi- 
plied by  this  factor  would  reduce  it  to  the  parallactic 
motion  for  stars  of  magnitude  5.0  to  5.9  which,  for  brevity, 
I  call  magnitude  5  simply. 

Magnitudes,     1-2         3         4         5         6         7 
Factors,  0.4       0.6      0.8      1.0      1.2     1.4 

These  numbers  were  conceived  to  be  also  inversely  pro- 
portional to  the  probable  errors  of  dispersion  of  the  proper 
motions  in  the  ease  of  the  stars  of  each  magnitude.  Their 
squares  would  therefore  express  the  weight  to  which  a  star 
of  a  given  magnitude  would  be  entitled.  The  coordinates 
of  solar  motion  for  magnitude  5  derived  from  a  solution 
of  the  combined  normal  equations  thus  formed  were, 

X  =  +  0^203 
Y  =  -2.745 
Z  =    +1.666 

It  must  be  remembered  that  this  is  derived  only  from 
stars  of  small  proper  motion,  which  are  not  those  best 
adapted  to  the  special  determination  of  the  solar  motion. 
But  since  the  latter  can  only  be  determined  relatively  to 
other  stars,  this  is  the  value  we  should  use  in  connection 
with  that  particular  group  of  stars  from  which  we  infer  the 
magnitude  of  the  precession.  The  results  of  substituting 
this  value  of  the  solar  motion  in  the  separate  normal 
equations  in  Ap  are  next  shown. 

Separate  results  for  the  ]jrecession  from  stars   of  various 
magnitudes. 


R.A. 

Decl. 

Combined 

Mag.  1-2 

M   - 

=    +2.16 

M 

=    -0.10 

Ap, 

=    +1.92 

3 

+  0.1'.) 

-1.05 

+  0.09 

4 

+  0.16 

+  1.70 

+  0.19 

5 

+  0.21 

+  1.16 

+  0.31 

6 

+  0.22 

+  1.35 

+  0.34 

7  + 

+  0.41 

+  1.30 

+  0.53 

All 


+  0.24 


+  1.34 


+  0.36 


I  have  also  utilized   the  works  of  Auwers,   Boss   and 
Dreyer  to  derive  a  correction  of  the  precessional  constant 


from  Dbeter's  comparison  of  the  Lalande-zoucs  with 
ScHJELLEBUP,  ami  i'loni  Boss's  comparison  of  Lw.amu: 
with  his  Albany  zone.  I  can  give  only  the  results,  which 
are 

Lalande-Schjellerup,  Jp1  =    +0.71 
Lalande-Boss,  +0.57 


Mean 


-0.64 


§4.     Method  by  Zones  and  Regions. 

The  foregoing  method  is  subject  to  the  objection  that,  in 
many  cases,  several  neighboring  stars  are  found  to  have  a 
nearly  equal  proper  motion,  and  are  therefore  so  combined 
in  a  system  that  they  should  be  considered  only  as  a  single 
star.  I  therefore  adopted  another  method  founded  on  the 
supposition  that  all  stars  in  any  one  region  of  the  heavens 
might  possibly  be  affected  by  a  common  proper  motion. 
So  far  as  this  is  true  it  involves  the  hypothesis  that  the 
stars  within  the  region  are  at  equal  distances,  and  therefore 
should  have  equal  weight.  The  diversity  of  proper  motions 
for  magnitudes  4.0  and  upwards  is  so  much  less  than  in  the 
case  of  the  higher  stars  that,  in  the  application  of  the 
method,  I  depended  solely  on  these  stars,  rejecting  all  of  the 
third  and  brighter  magnitudes.  In  the  case  of  the  right- 
ascensions,  the  sphere  was  divided  into  zones  of  15°  wide 
in  right-ascension,  counting  from  the  equator  in  each  direc- 
tion. But  the  few  stars  south  of  —30°  were  included  in 
the  zone  —15°  to  —30°.  Then,  within  each  zone,  the  mean 
proper  motion  was  found  within  the  limits  of  each  two  hours 
of  right-ascension.  A  value  of  the  precessional  motion 
could  therefore  be  derived  separately  from  each  zone,  since 
the  parallactic  motion  in  the  direction  of  right-ascension  is 
independent  of  the  declination.  Each  proper  motion  thus 
found  was  assumed  to  correspond  to  the  central  point  of 
the  region,  and  equations  of  condition  similar  to  those 
already  given  were  constructed.  Three  systems  of  weights 
were  employed :  one  in  which  the  weights  were  taken  as 
proportional  to  the  number  of  stars,  another  in  which  they 
were  all  considered  as  equal,  and  a  third  in  which  the 
motions  in  each  trapezium  were  supposed  to  have  a  common 
element  equal  to  one-third  the  average  motion  of  the  stars 
within  the  region. 

In  the  solution  by  the  last  two  methods,  the  parallactic 
motion  was  taken  as  already  determined  by  the  second 
method,  because  the  motion  in  question  is  nearly  eliminated 
from  the  precession  when  this  method  is  employed. 

In  the  case  of  the  declinations,  the  southern  zone  ex- 
tended from  the  equator  to  —20°,  while  the  northern  ones 
were  taken  15°  wide.     The  results  are 

a :  — from  Right-Ascensions. 

Weights  as  number  of  stars,     4?i  =  +0.20 

Weights  equal,  +0.28 

Weights  adjusted,  +0.20 
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Tlie  divergence  of  the  first  result  from  that  from  in- 
dividual  stars  (0".24— 0W.20=0W.04)  arises  mainly  from  the 
omission  of  the  two  first  magnitudes  in  the  last  result, and 
from  the  differenl  system  of  combination  of  results. 

ft:  — from   Declinations. 

-20° to        0     LOO  In   -    +0.17     \\t.   =    L08 


(i  to  +15 

+0.60 

96 

-f  IT.  to  +30 

+  o.  is 

1 1 15 

•  15 

+0.29 

71 

+  15  to  +60 

+0.33 

64 

+60  to  +:•"> 

+0.55 

49 

•  ::,  to  +90 

-0.02 

30 

+0.44         I.  =  523 
Whence,    .//-,  =  2.5   In   =   +1".10. 

The  preceding  results  show  that  the  declinations  give  a 
much  larger  value  of  the  precession  than  do  the  right- 
ascensions.  From  the  latter  we  have,  by  different  methods 
of  treatment,  results  ranging  from 

.//-,  =  +0".20  to  +0".34 
while  the  declinations  give  1".10  to  L".34.  Yet  another 
feature  is  the  diversity  of  values  found  from  the  stars  of 
different  right-ascensions.  It  is  true  that  no  result  can  be 
derived  from  stars  in  any  other  one  point  of  the  circle  of 
right-ascension  than  the  apex  and  anti-apex  of  the  solar 
motion,  because  everywhere  else  the  precession  will  be 
affected  by  the  parallactic  motion.  But  it  still  remains 
true  that  the  parallactic  motion  should  be  eliminated  from 
any  two  opposite  hours  of  right-ascension,  provided  that 
stars  of  equal  magnitude  are  at  equal  distances  in  the 
two  directions,  in  other  words,  that  the  mean  absolute 
magnitude  of  the  stars  is  the  same  all  around  the  sphere. 
'I'll.'  following  table  shows  the  diversity  in  question  when 
the   precessions  are    determined   in    right-ascension   using 

i  finitive  values  of  the  parallactic  motions,  and  then 
combining  opposite  pairs  of  constants,  so  taken  that  the 
solar  apex  (J  =  1S\5)  shall  fall  in  the  central  meridian  of 

•ant. 


-ha 

b 

I, 

18.5 

+  0.96 

11. 

21.5 

+  0,17 

III. 

0.5 

-     1  I.I  IS 

IV. 

.■;..-. 

+  0.38 

V. 

6.5 

+  o.:i;» 

VI, 

9.5 

+  0.07 

VII, 

L2.5 

0.54 

VIII. 

1 5.5 

-0.28 

Octants 

4pi 

i-v, 

+  0.(17 

II-VI, 

+0.27 

III-VII, 

-0.31 

IV  VI 1 1, 

-t  0.05 

wt. 


Weighted  mean    +0.28 


I    ese  discordances  cannot  be  eliminated  by  changing  the 
parallactic  mol ion  as  a  whole. 

§5.     Fourth  Method:     By   Eliminating  the 

I'ai;  LLLAI  Tie    Mo  i  [ON. 

The  presence  of  the  uncertain   quantity  /;  in  the  equa- 
tions of  >•')  turbing  element  in  the  problem,  I 


have  tried  the  method  of  eliminating  it  from  each  pair  of 
equations  given  by  a  single  star.  By  assuming  a  position 
(A,  l>\  of  the  solar  apex  we  derive  an  equation  of  the  form 

//  ///,  --   a)  ft'  -  /''  /icosg  =  t  cos  J 
where  II,  a'  and  J' are  functions  of  .1.  /'.ami  the  position 
of  t  lie  star  ;    t  the  motioi a  ■_  ■.  i  •  - :  i  f  eirele  in  Sun- way  longi- 
tude, and    /  the  Sun-way  latitude  of  the  star. 
a'   =   cos  D  sin  (a  —  A) 
b'  =  cos D  sin  8  cos  (a— A)  —  sin  D  cos  8 

This  amounts  to  the  same  thing  as  determining  the  pre- 
cession from  the  apparent  motion  of  a  star  in  a  direction 
at  right-angles  to  that  of  the  solar  apex,  in  other  words,  to 
Substitute  for  the  motion  in  right-ascension  and  declination 
a  motion  in  Sun-way  longitude.  This  term  maj  beapplied 
to  a  longitude  reckoned  around  the  solar  apex  as  a  pole. 
This  method  has  been  proposed  and.  in  fact,  actually  ap- 
plied by  Kaptkyn,  but  1  am  not  aware  that  he  has  pub- 
lished any  definitive  result. 

A  question  arises  in  applying  the  method  owing  to  the 
fact  that,  taken  rigorously,  t  he  weight  of  the  result  neces- 
sarily vanishes  in  the  case  of  a  star  situated  either  around 
the  apex  or  near  the  pole  of  the  ecliptic.  But  in  the  case 
of  a  star  near  the  solar  apex  there  is  no  need  of  applying 
the  method,  because  the  parallactic  motion  vanishes  at  the 
apex.  It  is  also  to  be  remarked  that  on  the  meridian  and 
anti-meridian  of  the  apex  the  motion  in  Sun-way  longitude 
coincides  with  that  in  right-ascension. 

I  have  therefore  applied  the  method  by  dividing  the 
heavens  into  four  regions ;  two  of  these  regions  are  runes 
of  two  hours  of  right-ascension  each,  including  the  meridian 
and  anti-meridian  of  the  solar  apex,  and  the  other  two  are 
zones  about  45"  in  breadth  around  the  Sun-way  equator. 
The  following  table  shows  the  results  from  stars  of  the 
third  and  higher  magnitudes.  I  call  the  regions  between 
the  lunes  the  vernal  and  autumnal  regions,  according  as 
they  include  the  vernal  or  the  autumnal  equinox. 


Vernal    1  legion. 


Mag.  3 
I 

5 
6 

Total, 


Mas 


Total, 


is 

04 

149 

231 

50 


2  11 

15.5 

55.4 

128.3 

19.->.7 

48.6 


15.4 

46.0 

50.5 

189.3 

56.2 


4h 
+0.99 
+0.89 

+  0.11 

+  0.97 
+  1.16 


518 

546.4         474.2 

+  0.87 

.///// 

mnal   1  legion. 

No.  Stars 

2  II        S  r  cos  J 

Ji'i 

3 

10 

16.]         -13.7 

-0.85 

4 

14 

37.7       +   o.i 

0.00 

5 

120 

100.1        +24.0 

+  0.21 

0 

21  1 

182.2       +  3.9 

+  O.OL' 

7 

47 

40.5       -   3.4 

-0.08 

II I 


207.7        +18.1  +0.07 
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The  combined  result  is  obtained  by  multiplying  the 
numbers  2.11  and  J£rcb8  /  for  the  different  magnitudes  by 
the  factors  already  derived,  which,  in  the  present  case,  are 
simply  the  squares  of  the  assumed  orders  of  distance,  0.6, 
0.8,  etc.    The  products  are  then  added. 

The  following  comparison  of  results  in  the  different 
regions  from  the  motion  in  right-ascension  and  from  thai 
in  Sun-way  longitude  may  be  of  interest.  - 

Mot.  in 
I ; . •  -^ i • . i !  Mot.  in  R.A.  S.W.Long.     Wt. 

Meridian  of  solar  apex,  +0.96  +1.14  1 

Vernal  region,  +0.30  +0.87  2 

Anti-meridian  of  solar  apex,  +0.40  +0.81  1 

Autumnal  region,  —0.21  +0.07  2 

In  the  two  sets  of  results  the  regions,  and  therefore  the 
stars,  are  not  absolutely  identical.  The  results  from  the 
right-ascensions  include  all  the  stars.  It  will  be  seen  that 
the  discordance  between  the  results  from  those  stars  which 
are  and  those  which  are  not  affected  by  parallactic  motion 
is  materially  diminished,  but  not  wholly  removed,  by 
eliminating  the  parallactic  motion. 

The  mean  result  of  the  latter  method  is 
.//,,  =    +  0".0I 

§  6.     Results. 

All  the  results  for  the  precessional  movement  from  the 
R.A.'s  are  to  be  considered  as  requiring  the  addition  of  an 
unknown  constant  1.09  JE1,  this  symbol  representing  the 
common  correction  which  may  be  required  to  the  assumed 
centennial  motion  of  the  standard  stars  in  R.A.,  or  to  the 
system  N,.  The  evidence  points  to  a  positive  value  of  this 
quantity,  which  may  possibly  amount  to  0".5,  but  nothing 
definite  can  be  determined.  A  fraction  of  the  same  cor- 
rection will  be  required  for  the  results  in  Sun-way  longitude. 
Subject  to  this  correction  we  have  the  following  separate 
results  for  the  correction  .  1p^ : 

A.     From  Right- Ascensions  ulone. 
Bradley  stars  :   Solutions  of  equations,         „ 

J,,x  =  +0.20 
Statistical  method,  +0.37 

Mean.  +0.29  +  1.09  JE' 

Lalande  stars,  +0.64  " 

I  think  the  result  from  the  Lalande  stars  is  entitled  to 
one-fifth  the  weight  of  that  of  the  Bradley  stars.  We 
therefore  have,  for  the  definitive  correction  of  the  value  N0 
of  the  luni-solar  centennial  precession,  as  derived  from 
R.A.'s,  the  expression 

jj,t   =    +0".35  +  1.< i! i. /A" 

B.     From  Declinations  alone. 

I  accept  the  result  of  §4, 

JPl  =   2.5  Jn  =    +1".10 


('.     By  Eliminating  the  Parallactic  Motion. 
1Pl   =    +0".64 

We  now  reach  the  very  difficult  problem  how  to  combine 
these  three  values,  the  extremes  of  which  diverge  by  0".75, 
a  quantity  much  greater  than  the  sum  of  their  probable 
errors.  The  latter  cannot  even  be  inferred  from  any  set  of 
residuals,  but  only  from  a  judgement  of  the  probable 
amount  anil  effect  of  the  systematic:  errors  from  all  causes. 
In  the  case  of  the  right-ascensions  the  large  systematic 
variations  with  the  right-ascensions  seem  to  indicate  that, 
making  abstraction  of  the  equinoctial  correction,  we  should 
still  have  to  assign  a  probable  error  of  ±0".15.  To  this 
we  must  add  the  probable  error  arising  from  variation  of 
personal  equation  with  magnitude,  which  differs  from  one 
observer  to  another.  If  we  ignore  any  recent  results  for  the 
magnitude  JE',  we  must  suppose  this  correction  to  vanish, 
but  must  still  include  its  probable  value  as  a  probable  error. 
This  I  should  estimate  as  lying  between  ±0".25  and  ±0".30. 

In  the  case  of  the  declinations  we  may  estimate  the 
probable  error  of  the  correction  to  100n.  as  lying  between 
±0".12  and  ±0".16.  This  would  give  a  probable  error  of 
p  between  ±0".30  and  ±0".40. 

By  combining  the  two  results,  A  anil  B,  assigning  weights 
corresponding  to  the  estimated  probable  errors,  we  may  ob- 
tain values  of  Jp1  varying  between  +0".60  and  +0".80. 
It  is  to  be  remarked,  however,  that  the  results  from  the 
right-ascensions  can  be  reconciled  with  those  from  the  decli- 
nations by  assigning  a  suitable  value  to  the  unknown  cor- 
rection .  IE'.  The  Greenwich  observations  of  the  sun  during 
the  sixty  years  1836-1895,  may  now  be  considered  to  sup- 
ply the  best  homogeneous  data  at  our  command  for  deter- 
mining this  quantity.  A  rude  computation  of  the  results 
indicates  for  J E'  a  value  of  about  +0".5;  the  comparison  of 
the  right-ascensions  of  Mercury  on  both  sides  of  the  sun 
with  the  fixed  stars  indicates  a  correction  of  +1".0.  These 
results  should  not  be  taken  by  themselves,  but  in  connec- 
tion with  the  value  zero,  which  followed  from  a  general 
discussion  of  all  the  observations  of  the  sun  up  to  1870  on 
which  the  equinox  3STX  depends.  Altogether  I  do  not  think 
that  the  correction  which  will  ultimately  be  found  is  likely 
to  exceed  +0".3  or  +0".4,  but  that  it  may  well  amount  to 
one  of  these  quantities. 

We  may  therefore  anticipate  that  when  it  is  determined 
and  applied,  the  resulting  value  of  the  precessional  con- 
stant will  be  rather  more  likely  to  exceed  0".80  than  to  fall 
short  of  it.  The  question  now  arises  whether  it  is  allow- 
able to  anticipate  such  a  correction. 

The  system  Nj  having  been  adopted  for  international 
use,  and  being  quite  likely  to  be  continued  for  some  years 
to  come,  there  is  a  certain  amount  of  reason  in  making  the 
precessional  motion  correspond  to  it,  notwithstanding  the 
discordance  in  the  declinations.  But  when  a  value  of  the 
precessional  motion  is  once  adopted,  it  is  desirable  to  con- 
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tinue  it  as  long  a  without  change,  probably  tin- 

half  a  century,  possibly  through  the  whole  of  the  twentieth 
century  if  no  strongly  marked  correction  should  be  found. 
An  anticipation  of  the  value  which  would  prdfeablj  besl 
suit  the  future  astronomy  therefore  seems  desirable. 

Taking  all  these  considerations  together,  1  have  con- 
cluded that  the  best  value  to  adopt  is 

//.,    -     +11". so 

This  amounts  to  substantially  the  same  thing  as  increas- 
ing the  value  N  oi  the  processional  constant  1'  by  the 
factor     .00016,     which  gives, 

P  =  5490".66 


The  following  is  a  comparison  of  the  Stbtjve-Peters 
precessional  motions  for  a  century,  and  for  the  epoch  1850, 
with  those  thus  arising  from  this  value  of  P. 

The  luni-solar  precession  is  a  term  used  ambiguously. 

J'a/ili-s   of  til c    Annual    Prrrcsxional    Motion 
Precession 


Sometimes  this  precession  is  counted  on  a  fixed  ecliptic 
taken  once  tor  all  time;  that  of  1750  or  1S00.  As  1  have 
used  it.  it  is  referred  to  the  tixed  ecliptic  of  the  date. 

Stbi  \  i    Pi  n  ks       New.  DUf. 

General  Precession,  5025.24  5024.58  -0J1 

Luni-solar  Precession,  5038.23  5036.84  -1.39 

Value  of  100  m,  4007.65  ic.or.ll  0.54 

Value  of  LOO  //.  2005.64  2005.11  -0.53 

For  convenient  reference  I  give  the  following  values  of 
the  annual  motions  for  intervals  of  twenty-five  years, 
showing  the  numbers  to  be  used  in  reductions  of  the  mean 
place  of  the  fixed  stars  from  one  epoch  to  another,  when 
we  use  the  preceding  value  of  the  processional  constant, 
and  the  secular  motion  of  the  ecliptic  as  deduced  from  the 
masses  of  the  planets  employed  in  my  tables  of  the  Sun. 
The  numbers  serving  for  the  rigorous  trigonometric  re- 
duction of  star  places  from  one  epoch  to  another  are  added. 
from   1725  to  2000. 


General 

Luni-Solar 

m 

Dig 

n 

log  n 

"a 

lOg  «8 

171'5 

50*2175 

50*3622 

4o'o362 

3*06908 

20.0618 

1.302369 

1.33745 

0.126278 

1750 

50.2230 

50.3634 

46.0432 

3.06955 

20.0596 

1.302323 

1.33731 

0.126232 

1775 

50.2286 

50.3647 

46.0501 

3.07001 

20.0575 

1.302277 

1.33717 

O.l  20  ISO 

1800 

50.2341 

50.3659 

46.0571 

3.07048 

20.055 1 

1.302231 

1.33703 

0.126140 

1825 

50.2397 

50.3671 

46.0641 

3.07094 

20.0532 

1.302185 

1.33689 

0.126094 

1850 

50.2453 

50.3684 

46.0711 

3.07141 

20.0511 

1.302139 

1.33G74 

0.126048 

1875 

50.2508 

50.3696 

46.0780 

3.07187 

20.0400 

1.302092 

1.33660 

0.126001 

1900 

7.0.2564 

50.3708 

46.0850 

3.07234 

20.0408 

1.302046 

1.33040 

0.125955 

1925 

50.2619 

50.372 1 

46.0920 

3.07280 

20.0447 

1.302000 

1.33632 

0.125909 

1950 

50.2675 

50.3733 

46.0990 

3.07327 

20.0420 

1.301954 

1.33017 

0.125863 

L975 

50.2731 

50.3745 

46.1060 

3.07373 

20.0404 

1.301908 

1.33603 

0.125817 

2000 

50.2786 

50.3758 

46.1129 

3.07420 

20.0383 

1.301862 

1.33589 

0.125771 

Quantities  expressing  the  relative  positions  of  the  equator 
in'um.r  at  "hi/  two  epochs, for  use  in  the  trigonomet- 
ric reduction  of  mean  places  of  the  fixed  stars  from  one 
epoch  to  another. 

We  consider  the  quadrangle  formed  by  the  poles  of  the 
equator  and  ecliptic  at  two  different  epochs.  One  of  these 
epochs  we  call  the  zero-epoch.  It  is  supposed  to  be  that 
for  which  the  position  of  a  star  is  given,  and  to  which  the 
various  quantities  are  in  the  first  place  referred.  The 
other  epoch  is  considered  to  be  a  variable  one.  We  repre- 
sent the  respective  poles  of  the  ecliptic  and  equator  by  the 
33  tnbols  F  and  P,  those  which  refer  to  the  zero-epoch  being 
called  E0  and  P0. 

We  join  the  points  Eu  and  P  so  as  to  divide  the  quad- 
rangle into  two  spherical  triangles  E0P0P  and  E0PE.  We 
represent  the  parts  of  these  triangles  which  enter  into  the 
theory  as  follows  : 

£„  =  P0P0,  or  the  obliquity  of  the  zero-equator  to  the 
zero-ecli 

£L  =  E0P,  or  the  obliquity  of  the  actual  equator  to  the 
zero-equator. 


t  =  EP,  or  the  obliquity  of  the  actual  mean  equator  to 
the  actual  ecliptic. 

d  =  PP0,  the  distance  between  the  poles  or  the  obli- 
quity of  the  actual  to  the  zero-equator. 

*  =  Angle  P0E0P,  or  the  luni-solar  precession  upon  the 
zero-ecliptic. 

90°  _  £0  =  Angle  E0P0P 

90°  -  i  =  Angle  P0PP0. 

A  =  Angle  JEqPE,  the  planetary  precession  on  the  equator, 
or  the  arc  of  the  equator  intercepted  between  the  two  eclip- 
tics. 

•  -  t  -  A. 

The  formulas  embodying  the  application  of  the  preceding 
quantities  to  the  reduction  of  the  fixed  stars  differ  from 
those  of  Bessel,  used  by  Chattvemet,  in  that  the  epoch  for 
which  the  poles  E0  and  P0  is  supposed  to  be  given  is  the 
same  for  which  the  position  of  the  star  is  given.  In  the 
other  theory  the  zero-epoch  is  a  constant  for  the  whole 
theory',  so  that  three  different  positions  of  each  pole  enter 
into  the  theory.  This  change  involves  a  slight  change  of 
notation,  which  seems  necessary  in  order  to  avoid  confusion. 
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The  notation  here  adopted  differs  from  that  in  the  con- 
cluding pages  of  "Elements  mid  Constants"  only  in  that  I 
have  put  £tl  for  £, . 

The  reduction  in  question  involves  three  constants,  6.  £0, 
and  z,  of  which  the  use  is  as  follows.      We  put 

«0,  80,  the  coordinates  of  the  star  as  given  for  an  epoch 

tQ  which  I  call  the  zero-epoch. 
a,  8,      the  coordinates  as    reduced  to  an  epoch 
precession  only. 

We  then  compute 

«o    =    «o  +  £o 


t    by 


tan  (a  —  «0)    = 
tan  4;  (8— 80)   = 


sin  6  (tan  80  +  tan  £  0  cos  «0) 

/'  s'u  "o 
1  —  p  cos  «0 
cos£(«  +  «0) 


-«o) 


tan  i  6 


COS^(< 

a  =  a  +  z 
As  defined  by  these  equations  the  constants  6,  £0,  and  .-.- 
are  functions  of  t0  and  t,  and  can  be  most  conveniently 
expressed  as  functions  of  t0  and  t~  t0,  because  then  they 
vary  very  slowly  with  t0.  Their  values  for  any  pair  of 
epochs  between  1600  and  2100  may  be  found  from  the 
following  expressions,  which  are  given  for  three  values  of 
the  zero-epoch  t0.     We  put 

t-L 

T      = 


250 


to 

1G00 
1850 
2100 


5750.17  ■ 

5758.88 

5767.61 


+  1.90  t- 
+  1.89 
+  1.88 


+  0.28  t8 
+  0.28 
+  0.28 


to 
1 00(1 
IS50 
2100 

1000 

1850 

2100 


z   =  5750.17  t  +  6.82T'-  +  0.30  t8 

5758.88  +6.83  +0.30 

.-.707.01   +  0.sf  +0.30 

e   =  r.OlS.lOr  -2.06  r2  -0.64 T8 

5012.77   -2.00  -0.65 

.-,007,14   -2.67  -0.65 


As  an  example  of  the  use  of  these  expressions  let  us  sup- 
pose the  epoch  for  which  a  and  8  are  given,  to  be  1875. 
By  interpolation  of  coefficients  we  find  the  following  ex- 
pression for  £0,  *  and  6: 


L87 


=  5759.75  t  +1.89i 
-   .".-,9.75      +6.83 
=  5012.24      -2.06 


+  0.28  t8 
+0.30 

-0.65 


Were  the  epoch  t  1900  we  should  put  t  =  0.10,  which 
would  give 

£0   =   575.994 
z   =   576.043 
6  =  501.196 
as  the  constants  for  reduction  from  1875  to  1900. 

A  check  on  these  values  is  afforded  by  computing  the 
values  for  reduction  from  1900  to  1875.  We  do  this  by 
taking  1900  for  t0  and  putting  T  =  —0.10.  If  we  put  the 
values  of  £,  z  and  6  thus  found  in  parentheses  we  should 
have 

(Q  +  *  =  o 

(*)  +  Co  =   0 

(#)  +  e  =  o 


MAXIMA  AND  MINIMA   OF   LONG-PERIOD  VARIABLES, 

By  J.  A.  PARKHURST. 


103.      T  Andromedae. 

The  last  minimum  of  this  star  occurred  1896  Nov.  24,  at 
12M.6.  The  date  is  deduced  from  12  observations,  begin- 
ning 1896  Aug.  3,  and  ending  1897  Feb.  13.  There  is  at 
least  one  observation  in  each  month,  and  the  star  was 
always  visible  in  good  seeing  ;  the  faintest  observed  magni- 
tude being  12M.7,  Nov.  26.  I  had  made  an  effort  to  observe 
the  previous  minimum,  and  secured  11  comparisons  from 
1895  Nov.  1  to  1S96  Feb.  8,  after  which  the  star  was  lost 
in  the  twilight.  In  this  interval  it  had  decreased  from  9" 
to  12". 3.  These  observed  points  fell  very  close  to  the  curve 
for  the  above  minimum,  making  it  very  probable  that  the 
minimum  occurred  1896  March  1  ±5'',  at  12". 6.  The  in- 
terval between  these  minima,  268  days,  agrees  very  well 
with  Yendell's  period.  The  value  of  M—m  is  about  110 
days. 

294.      If  Cassiopeae. 

My  continuous  watch  on  this  star  was  broken  by  a  gap 
from  1897  Feb.  2  to  May  3,  nevertheless  the  minimum,  1897 


Feb.  28,  at  11M.9,  is  fairly  well  determined  by  comparison 
with  the  curve  for  the  previous  minimum.  The  star  fell 
slowly  from  9M.7  1896  Nov.  12,  to  the  minimum,  and  rose 
from  11M.S  to  11M.3  during  May.     I  have  9  observations. 

678.      U  Persei 

I  have  18  observations  between  1896  Sept.  7  and  1897 
Feb.  2.  The  star  rose  slowly,  but  quite  regularly,  from 
9M.5  to  a  crest  of  7". 4  on  Nov.  22,  and  after  a  slight  de- 
crease, there  was  a  second  crest,  of  the  same  brightness, 
Dec.  9.  However,  as  the  second  crest  depends  on  a  single 
comparison  in  poor  seeing,  I  should  prefer  the  maximum 
given  by  the  general  curve  through  all  the  points,  giving 
Dec.  1  as  the  date,  at  7M.4.  At  the  last  observation  the 
brightness  was  8M.5. 

1805.      V  Ononis. 

A  maximum,  at  8". 6,  is  indicated  for  1896  Dee.  31,  by  6 
observations,  beginning  1896  Nov.  12,  and  ending  1897 
Jan.  28.  The  star  on  the  first  and  last  dates  was  10M.3 
and  9".7,  respectively. 
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2258.  I  I 
My  observations,  8  in  number,  began  L896  Nov.  26,  and 
ciule,!  1897  May  21,  with  a  break  from  Feb.  1  to  Waj  3. 
A  minimum  a1  11  ".7  is  indicated  for  Feb.  1.  witn  an  uncer- 
tainty of  perhaps  two  weeks.  This  date  is  borne  out  by  a 
comparison  of  the  curve  with  those  of  the  lasl  three 
minima. 

3890.      W  Leonis. 
Three  morning  observations  of  this  star  were  secured  for 
the  purpose  \    II    M.   Pabkhi  as  i  • 

ments,  as  given  in   the  Sei I   Catalogue.     I  found   it 

12,  l<>\  I  ;    Dec.  2,  10".8  ;    1897  Jan.  7.   1  l  '.8. 

The  magnitudes  are  photometric,  using  11.  M.  Pabkhurst's 

tin-  the  comparison-stars.     A  maximum  is  suggested 

November, about  a  month  earlier  than  called  for  by  the 

above  elements. 

7085.     UT  Cygni. 
Eight  observations,  beginning  1896  Nov.  26,  and  ending 
L897  Feb.  2,  yield  a  maximum,  7".0,  on  Jan.  16.     As  the 
series  closed  so  soon  after  maximum,  the  date  of  thai  phase 
was  determined  by  comparison  with  the  curves  for  the  pre- 
iive  maxima,  and  is  therefore  entitled  to  less  weight. 
;.u-  was  7M..">  at  the  last  observation. 
Man  ngo,  III,  1891  May  -2:,. 


7896.      /'  Pegasi. 
'1'his  star  was  looked  for  and   nut    seen  ( limit  <  12"),  on 
ii  dates,  from  1896  June  30  to  Dec.  5,  after  which  the  fol- 
lowing observations  were  secured: 


L896  Dec.  23, 

11'..-. 

1897  Jan.     6, 

11.1 

8, 

10.5 

30, 

9.0 

Comparing   with    the    Harvard   observations,   given   in 

Astropln/sinil  ■imirii'il.   II.  ,'!.">7.   the    period    seems   to   be 

2460d 

—  .    The  value  n  =  8,  or  /'  =  308*,  satisfies  all  the  ob- 

n 

servations,  while  there  is  no  other  value  of  n  between  I  and 
12,  which  is  not  contradicted  by  one  or  more  observations. 

A  periodol'  about  ti'i ths  therefore  seems  probable,  bring- 
ing the  next  max  in  mm  in  December,  when  it  can  be  observed. 

832 1.  V  i  'assiopi  "< . 
A  maximum,  at  7"..'!.  1897  Jan.  29,  is  indicated  trj  10 
observations,  beginning  1896  Nov.  22,  when  the  star  was 
In". 7.  and  ending  L897  Feb.  13,  at  7M.7.  As  the  series 
closed  so  soon  after  the  maximum,  the  date  was  determined 
by  aid  of  the  mean  curve,  and  is  therefore  entitled  to  less 
weight. 


OBSERVATIONS   OF   COMET   1896  VII. 

MADE    AT  THE    LICK    OBSERVATORY    OF   TIIK    UNIVERSITY    OF   CALIFORNIA, 
Bv  WILLIAM  .1.  HUSSEY. 


1891  Ml.  Hamilton  M.T. 

* 

No. 

#- 

-* 

,18 

S^'s  apparent 

log  />A 

la. 

a 

6 

for  a      I     for  S 

Jan.  20 

h        in      s 

7     3  r.4 

8 

8  ,8 

+<r  7N1 

+  4  17.S 

h       m      s 

1  36   1  t.87 

-0  31    16.1 

»9.249 

0.730 

.,., 

8  22     4 

9 

8,8 

+0  18.53 

-7     4.3 

4    12  45.62 

-it  23  21.7 

■»8.301 

0.732 

Feb.     9 

7  53  50 

10 

8,8 

+  0     2.19 

-1  53.7 

7,  31    18.89 

+  1   16  23.8 

8.51 1 

0.712 

25 

9     n  32 

ll- 

8,8 

-0  10.89 

+  3  37.4 

6     8  19.98 

+  1'  54   15.9 

9.190 

0.696 

27 

9  19  14 

lS 

8  .8 

+0     3.88 

+  3  50.9 

6  12  37.49 

+3     0  38.3 

9.295     0.(595 

Mean   Places  for  L897.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

S 

Red.  to 
app.  place 

Authority 

8 

b       m      s 

1  36     5.24 

+1J32 

-0  35  37.8 

+3*9 

Copeland  and  Borgen.  Gbttingen 

1282  3 

9 

t    11'  25.29 

+  1.80 

-0  16  20.9 

+  3.5 

it                a            a                     ti 

i:;i  l  :. 

10 

5  31  44.83 

+  1.87 

+  1  18   L6.0 

+  1.5 

11"  connected  with  ^  1 1 

11 

5  30  25.94 

+  1.S7 

+  1  15  19.8 

+  1.5 

Boss,  Albany,  A.fi.  Catal.  1813 

12 

6     8  29.00 

+1.87 

+2  50  38.8 

-0.3 

«          ..           «        «      2073 

13 

6  12  31.73 

+  1.88 

+  3     1  47.8 

-0.4 

«        «      2111 

The   observations   of    Jan.  20  and  22  were  made  with   the   12-inch   and  the  others  with  the  36-inch  telescope.     Ju  and   Jo  were 
measured  directly  with  the  micrometer  in  all  cases. 

1  University  oj  1897  Hay  13. 


FOURTH  SATELLITE  OF  JUPITER. 

Mr.  I'm.  1  \  a  1.  Lowell  telegraphs  June  1 :     "Douglass  finds   Callisto  rotates  in   I6d  16h.7  ±2\i 


CONTEXTS. 
A  Ni.n   Determination  01    im.  Pbecessiokai    Motion,  by  Pbof.  Simon  Newcomb. 
Maxima  and  Minim  \  "i    Long-Period  Variables,  by  Mi:.  .1.  A.  Pabkhdrst. 
ltions  01    Comet  1896  VII,  by  Prof.  William  .1.  Hussey. 

K"i  1:111  Sai  ell]  1 1    "i   Jupiter. 
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THE   CONSTANT 

By  C.  L. 
In  connection  with  my  latitude  work  at  South  Bethlehem 

it  was  a  part  of  the  original  plan  to  investigate  the  value 
of  the  constant  of  aberration,  and  possibly  that  of  nutation. 
Since  my  removal  from  Bethlehem  in  1895  this  plan  has 
remained  in  abeyance  in  consequence  of  more  pressing  de- 
mands upon  my  time.  The  building  and  equipping  of  an 
observatory  and  the  inauguration  of  a  new  program  of  work 
have  absorbed  most  of  my  energy. 

In  the  spring  and  summer  of  1895  the  series  of  1892-93* 
was  discussed  with  the  view  to  determining  a  value  of  the 
constant  of  aberration.  This  series  possesses  some  ad- 
vantages for  this  purpose,  the  stars  being  distributed  as 
uniformly  as  practicable  throughout  the  twenty-four  hours 
of  right-ascension,  and  each  group  —  of  which  there  were 
eleven  —  was  observed  both  morning  and  evening  at  ap- 
proximately the  same  interval  before  and  after  midnight. 
There  were  in  all  107  pairs  of  stars  distributed  as  follows 
in  right-ascension. 


0-1 

4 

1-2 

4 

2-    3 

4 

3-    4 

4 

4-    5 

5 

5-    0 

5 

0-7 

5 

7-8 

5 

8-    9 

5 

9-10 

4 

10-11 

4 

11-12 

4 

pairs 


12  -13 

5 

13  -  14 

3 

14-15 

5 

15  -  1G 

5 

16  - 17 

4 

17-18 

4 

18  - 19 

5 

19-20 

5 

20  -  21 

5 

21  —  22 

4 

22  _  23 

5 

23  -  24 

4 

5  pairs 


OF  ABERRATION, 

DOOLITTLE. 

Employing  the  common  notation  the  reduction  lor  aber- 
ration is    Cc'  +  Dd'  =  k    say, 

That,  is,         20.4451  [-c'cosoj  cos O—d' sin  0]  =  «. 

Let  p  be  the  required  correction  to  Strute's  constant, 
Ak.  the  corresponding  correction  to  *, 


The  series  extended  from  1892  Oct.  10  to  1893  Dec.  27, 
443  days. 

There  were  1744  determinations  before  midnight. 

"         »     1052  "  after  " 

We  may  therefore  establish  2796  equations  of  the  form 
q^+J  +  Ax  +  By+Cz  +  Du  +  Ep  +  Tr,   =   q, 
where  <p0  is  an  assumed  value  of  the  latitude. 

J  a  constant  for  the  pair  observed 

A  and  B  coefficients  of  the  14-month  period, 
Candi)  "  "       12-month  period, 

Ep  correction  required  on  account  of  erroneous 

value  of  aberration, 
T-q  secular  chauge  in  latitude. 

*See  Astronomical  Journal,  No.  322. 


then 


•jo.  I  i;,| 


0.4451  +P         k  +  Jk 
The  coefficient  E  is  therefore 


Jk  = 


20.4451  ^ 
As  20.4451    is 


20.4451 
an  awkward  divisor  —  a  consideration  of  some  importance 

when    there    are    2796    divisions    required  —  this    term    is 
slightly  modified  as  follows: 


Jk   = 


20 


20 


20  '  20.4451 


HT  P  =  Tjr,  P 


20 


p      is    employed    as    the    unknown 


where     p<   =    ^^ 

quantity.  From  a  morning  and  an  evening  observation  on 
any  pair  — which  observations  will  of  course  be  separated 
by  an  interval  of  several  months  —  we  have  a  pair  of  equa- 
tions, 

q0+J  +  A  '.<•+/."//+  C'.v  +  D'u  +  E'p+T'r,  =  q>' 
q0  +  J  +  A"x  +  B",,  +  C"z  +D"u  +  E"p  +  T"v  =   q  " 

By  subtraction 

(A '  -  A")x  +  (B'-B")y  +■  (C-  C")s  +  (JD'  -  D")u 

+  (E'-E")P+(T'-T")V  =  q'-q" 

It  was  obvious  from  the  outset  that  the  12  and  14-month 
terms  could  not  be  separated  in  a  series  of  only  443  days  ; 
both  were,  however,  retained  for  the  sake  of  completeness, 
but  the  normal  equations  were  also  solved  with  the  1 2-month 
terms  excluded.  The  results  of  both  solutions  will  be  found 
below. 

For  the  purpose  of  more  fully  illustrating  the  formation 
and  solution  of  the  equations,  the  data  for  one  pair  of  stars 
will  be  given  in  full,  viz. : 


(169) 


B.  A.C.  1 6 

Mag. 

I.'.i 

3 

o"    l"43         45  L".i   15 

LI.  220 

7.5 

0  11     4         35  53  25 

*-'i- 

-»2ap] 

roximately  10'. 
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Date 

X 

V 

2 

u 

P 

V 

( observed 
V 

L892  Dec.     2 

1 

+0.911 

i  ..)  1  l 

-0.324 

0.946 

+  0.721 

0.076 

2.80 

3 

•  > 

+  .918 

.397 

-  ..".07 

.952 

+    .720 

n7l 

2.7.2 

5 

3 

+  .928 

-  .371 

-  .274 

-    .902 

+    .717 

-  .068 

2. 01 

in 

1 

+   .953 

.302 

.189 

.982 

+    .707. 

_    .07.7, 

2,17, 

P.M.               12 

5 

+  .962 

-  .274 

—    .  1  ~>T> 

0.988 

+    .099 

-    .049 

2.77 

:'ii 

6 

1    .us: 

.160 

012 

1.00(1 

t-    .or,:, 

.HI'S 

2.0  1 

23 

7 

+  .993 

-   .117 

1    .042 

-0.999 

)    .650 

.mo 

2.77, 

26 

8 

+  .997 

-  .ti7:; 

+    .000 

-    .007, 

l    .632 

-    .011 

"  7" 

27 

9 

4-0.998 

0.058 

+0.113 

0.994 

1  ii.ol'.-, 

0.008 

2.27 

L893  July  19 

10 

-0.976 

1  0.218 

0.457 

1  0.889 

ii.  1.-,:; 

+  (1.7,7,1 

3.31 

23 

11 

0.987 

\-  .162 

-  .515 

+   .857 

-   .414 

+   .562 

3.03 

Aug      2 

12 

L.000 

V   .016 

,649 

+   .700 

-  .310 

+  .589 

2.12 

5 

L3 

1.000 

.028 

-  .687 

+   .727 

-   .277 

+   .7,97 

2.7,0 

L.M.                   6 

1  1 

0.999 

-    .(Ml 

-   .700 

+   .714 

-    .200 

t      .OiHl 

2.70 

1 

17. 

-  .998 

-    .058 

-    .711 

+  .70:; 

.1'.-,.-, 

+    .00.", 

2.  II 

8 

16 

-  .997 

-  .071 

-   .723 

+   .091 

-   .244 

+    .007, 

3.22 

'.| 

17 

.996 

-   .087 

-  .7:;.-, 

+   .678 

-  .232 

+  .cos 

I'.Sll 

10 

18 

-0.995 

-0.101 

-0.747 

+  0. 007, 

-0.220 

+  0.011 

3.38 

t893  Oct.   31 

L9 

-0.269 

-0.963 

-0.783 

-0.622 

+  O.0  11 

+  0.835 

3.10 

Nov.    6 

20 

-   .182 

-  .983 

-   .712 

-    .707, 

+   .072 

+  .852 

3.32 

m 

21 

-  .11'.-. 

-  .992 

-   .661 

-    .77,(1 

+   .089 

+   .863 

:;.2o 

11 

22 

-  .110 

-  .'.ml 

-  .648 

-    .702 

+   .693 

+   .so:, 

3.32 

15 

23 

-   .090 

.995 

-  .593 

-   .807) 

+   .707. 

+   .876 

2.0  1 

16 

24 

-  .038 

-  .999 

-   .7)79 

-   .815 

+    .7os 

+   .879 

2.07 

p.  m.            26 

25 

+  .108 

-   .994 

-    .427 

-    .904 

+   .723 

+    .9110 

2.81 

30 

26 

+   .167 

-  .986 

-   .362 

-  .932 

+   .722 

+  .918 

;;.:;:; 

Dec.     4 

27 

+  .223 

—  .977. 

-   .200 

-  .97,;; 

+   .719 

+   .928 

2.07, 

6 

28 

+   .252 

.968 

-   .200 

-  .965 

+    .717, 

+   .934 

3.21 

7 

29 

+   .266 

-  .964 

-   .244 

-    .970 

+  .713 

+   .937 

2.53 

10 

30 

+   .307 

-    .07.1' 

-   .192 

.981 

+   .700 

+    .017, 

2.:;.-, 

13 

31 

+   .349 

-   .937 

-   .139 

-0.990 

+   .090 

+  .953 

2, SI' 

•jii 

32 

+   .443 

-  .896 

-   .016 

-1.000 

+    .007 

f-    .072 

3.21 

24 

33 

+   .494 

-   .870 

+   .054 

-0.99S 

+    .017, 

+   .983 

2.87 

25 

34 

+   .7.07 

-  .862 

+   .071 

-    .997 

+   .639 

+   .986 

2.2  1 

26 

35 

+  0.520 

-  0.854 

+  0.091 

-0.996 

+  0.633 

+  0.989 

:;.:;7 

These  are  now  con 

bined  by  s 

ubtraction 

as  follows 

■sjp 

10-1 

-1.SS7 

+0.629 

-0.133 

+  1.835 

-1.174 

+  0.027 

+  0.51 

0.64 

11-2 

-   .905 

+    .7,7,0 

-   .208 

+    .809 

-   .134 

+   .636 

+    .7,1 

.01 

12-3 

-   .928 

+  .387 

-  .375 

+   .722 

-1.027 

+   .07,7 

-   .19 

.0  1 

13-    1 

-   .953 

+   .274 

-   .498 

+    .709 

-0.982 

+    .07,2 

+    .14 

.0  1 

14-5 

.961 

+   .230 

-  .545 

+    .702 

-    .965 

+    .049 

+   .02 

.0  1 

15-6 

-  .985 

+   .101' 

-    .090 

+   .703 

-    .920 

+  .631 

-   .20 

.64 

16     7 

-  .990 

+   .040 

—    .707. 

+   .690 

-  .894 

+    .02  1 

+   .47 

.0  1 

17-8 

-  .993 

-   .014 

.831 

+  .673 

-   .804 

+    .019 

+  0.08 

.0  1 

18-9 

-1.993 

-0.043 

-0.860 

+  1.659 

-d.si.-, 

1-0.619 

+  1.11 

0.04 

19  .  20-10 

+  H.77.1 

-1.191 

-0.290 

1.7,:,:; 

+  1.109 

+0.293 

-O.lo 

0.72 

21  .  22-11 

+  .870 

—  .155 

-    .110 

-  .01:; 

+    .107, 

+    ..",02 

+   .27 

.72 

23  .  24-12 

+0.933 

-1.013 

+  .063 

-    .7.70 

+  1.(110 

-t-   .289 

+    .7,1 

.72 

L'7,  .  26-13 

+1.137 

-0.962 

+   .292 

.oi.-, 

+  0.999 

+   .315 

+   .IS 

.72 

27  .  28     l  l 

+  .236 

-  .927 

+   .422 

-    .074 

+  .983 

+   ..",."1 

+   .14 

.72 

29  .  30-15 

1    .284 

.900 

+   .493 

-   .679 

+    .000 

+   .337 

.00 

.72 

:;i  .  32-16 

1    .393 

-   .845 

+   .0  17, 

-   .686 

+    .027, 

+   .357 

-   .21 

.72 

33,34     17 

f    .496 

-   .770 

+   .797 

-    .077, 

+   .874 

+   .376 

-   .27. 

-■_> 

35-18 

+  1 .5 1 5 

-0.753 

+  0.838 

-1.001 

f  0.853 

+0.378 

-0.01 

o.OI 
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In  the  assignment  of  weights  those  pairs  whose  difference 
of  zenith-distance  was  fifteen  revolutions  of  the  micrometer- 
screw  (12'.6)  or  more  were  given  half  weight  only. 

As  appears  from  the  above,  one  morning  observation  may 
be  combined  with  the  mean  of  two  or  more  evening  obser- 
vations, or  vice  versa.  Also  the  same  morning  or  evening  ob- 
servation may  enter  into  mine  than  one  of  the  combination- 
equations —  thus  the  morning  series  above  is  combined 
with  each  of  the  two  evening  series. 

When  one  morning  equation  is  combined  with  one  even- 
ing equation,  each  of  weight  unity,  the  weight  of  the  result 


Pi  ■  lh 
Pi+P°. 

-1.09  a: 
-1.17 

-1.20 
-1.05 
-1.11 


=  0.5 


+  1.65  y 
+1.60 
+  1.58 
+1.66 

+  1.63 


+  1.15.- 
+1.10 
+  1.06 
+  1.16 
+  1.12 


+  1.35  u  -1 

+  1.43  -1 

+  1.46  -1 

+  1.30  -1 

+  1.35  -1 


If  the  same  observation-equation  enters  into  two  combi- 
nations it  is  given  in  each  a  weight  of  0.7,  the  weight  of 
the  combination  being  0. 1 L2. 

When  two  equations  are  combined  into  a  single  mean 
this  has  the  weight  2. 

When  three  or  more  are  combined  the  weighl  •"  is  given. 

In  this  manner  were  formed  1219  equations  which  may 
be  called  difference-equations. 

Where  the  original  equations  wen'  the  result  of  observa- 
tions made  within  an  interval  of  a  few  days  the  coefficients 
were  so  nearly  equal  that  frequently  several  of  the  difference- 
equations  could  be  combined  into  one  without  loss  of  accu- 
racy. 

For  example  take  the  following  group  of  five  equations. 

.42  p  +0.65^  =  +0.27  V?  =  rm 

.40  +0.64     =  -0.19  0.64 

.39  +0.63     =  +0.32  0.64 

.26  +0.66     =  +0.15  0.76 

.25  +0.65     =  +(1.34  0.64 


-5.62a;   +8.12//   +  5.59s   +6.89m  -6 
-1.71  x  +2ASy  +  1.70a   +2.10w   -2 

The  constituent  equations  are  added  as  shown  above,  the 
final  one  is  the  summation-equation  multiplied  by  the 
square  root  of  its  weight. 

For  determining  this  final  weight  let  }\  ,]/.,...  p,t  be 
the  weights  of  the  individual  equations. 

Weight  of  sum  is 
Pi  ■]';■■■  Pn 

G'l   •  P-2   ■    ■    ■  P.,-0   +    (Pi   -P*-    ■    ■  Pn)   +    ■    •    +(>2   •    •    •  Pn-l    ■  Pn) 

By  means  of  a  simple  tabulation  of  the  terms  of  this 
formula,  for  the  values  of  p  which  practically  occurred,  the 
weights  were  very  readily  found. 

As  a  result  of  this  process  of  grouping,  the  number  of 
equations  was  reduced  to  190.  These  were  solved  in  the 
usual  manner  with  the  following  result. 

x  =  rcosB  =   -0145   ±0.103 
y   =    rsinB   =    -0.063    ±0.059 

Z    =    y  COS  r 

u   =   y  sinT 
P    = 
V   = 

The  probable  error  of  a  single  equation  of  weight  unity 
=    ±0".184. 
The  resulting  periodic  terms  of  the  latitude  are  therefore 
Jcp  =   0".158  cos(204°-A;r)  +  0".106eos(261°-O) 
where      N  =   0°.837  (£-2412465) 

On  account  of  the  impossibility  of  separating  the  12  and 
14-month  terms  in  so  limited  a  series,  this  expression  is 
quite  indeterminate,  as  shown  by  the  large  probable  errors 
of  x,  y,  z  and  u.  The  indetermination  does  not,  however, 
extend  to  p.  Referring  to  the  early  part  of  this  article  for 
Flower  Observatory,    University  of  Pennsylvania,  1897  May  27 


-0.016    ±0.073 
-0.105    ±0.065 
-0.1049  ±0.0093 
-0.047    ±0.093 


72  P  +3.23  77  =    +0.89     sJjT  =  0.305 
05  p  +0.99  -q  =    +0.27 

the  significance  of   p,  we  find  the  correction  to  Stki  vi.'s 
value  of  the  aberration-constant  to  be 
20.4451 


L'o 


p  =  0".1072    ±0".0095 


-0.1075  ±0.0091 
+  0.004   ±0.023 


And  the  resulting  value  for  this  constant 

20".552  ±0.0095 

A  second  solution  of  the  normal  equations,  excluding  the 
annual  terms,  gave  the  following  values  : 

x  =  r  cosi?  =    -o!'()50   ±0.010 

y  =   r  sin li  =    -0.127    ±0.008 

P  = 

V  = 

From  x  and  y,        Jq    =  0".137  cos  (248° —ZV) 

Correction  of  Stkuve's  constant,  +0".1099    ±0".0093. 
Resulting  value     20".555  ±0".009. 

Finally,  if  we  exclude  from  the  equations  everything 
except  p,  we  find 

Correction  =    +0".0885 
Constant  20".534 

Assuming  that  the  latitude-variation  may  be  represented 
by  a  single  periodic  term,  and  that  the  observations  are 
uniformly  distributed  throughout  one  full  period,  as  regards 
both  right-ascension  of  stars  and  date  of  observation,  we 
should  expect  the  last  two  values  to  be  practically  equal. 
Although  neither  of  the  supposed  conditions  is  fully  met, 
both  are  approximately  so. 

As  the  final  result  of  this  investigation  we  find  for  the 
constant  of  aberration  the  value, 

20  .55  iO.Ol 
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SI  NTHETICAL   STATEMENT   OF  THE 

B\   -(.ill 

1.  In  the  course  of  my  various  articles  on  She  motion 
of  the  pole  a  considerable  number  of  formulas  have  been 
introduced,  as  I  had  occasion  to  use  them,  without  giving 
their  derivation,  which  in  so  simple  a  theory  I  assumed 
would  be  obvious,  especially  as  the  notation  was  consistent 

Bui  n  does  ii< m    i  to  give  their 

development  in  this  place  in  an  orderly  form. 

The  problem  maj  be  stated  as  follows.  Given  an  ob- 
the  pole  of  rotation,  relative  to  the  pole 
of  figure,  which  may  be  resolved  into  two  components,  one 
an  ellipse  haviug  a  mean  period  of  a  year,  the  other  a  circle 
having  a  mean  period  of  128.6  days,  the  direction  of  both 
motions  being  from  west  to  east:  it  is  required  to  rind  the 
mathematical  relations  involved.  Let  us  examine  these 
components  separately . 

2.  Annual  component.  The  coordinates  of  this  motion 
having  been  shown  by  observation  to  be  simple  harmonic 
Functions  of  the  time,  the  arguments  of  which  may  be  con- 
veniently expressed  in  terms  of  the  longitude  of  the  mean 
or  fictitious  sun,  O,  —  let  the  coordinates  of  the  pole  of  figure, 
reckoned  from  the  pole  of  rotation  as  origin,  be  x'2,  y'2i 
respectively  parallel  to  the  minor  and  major  axes,  b,  a,  of 
the  observed  ellipse.  Let  /.  be  the  longitude  of  the  mean 
sun  on  the  date  when  the  pole  is  at  the  vertex  of  the  major 
axis.     Then  we  have 

.>■'..   =   ±bs'm(0  —  L)   =   p  sin/? 
y,  =  ±  a  cos  (O  —  Z)   =  p  cos  /3 
(8  is  the  angle  at  the  center  of  the  ellipse  between 
the  pole  and  the  vertex  of  the  major  axis,  and  p  is  the 
radius-vector. 

Li  t   .!■,,.  y2,  be  the  coordinates  in  a  system  referred  to  the 

twich  meridian  as  the  axis  of  y,  and  u>  be  the  angle 

which  the  major  axis  forms  with  the  Greenwich  meridian, 

reckoned  towards  the   east.     Then  for  transformation  we 

have 

(2)  x's  —  KjCOSa)— ys  sin  <D         //'.,  =       x3  sinu>  +  //2  cos<u 

(3)  x„  =  x'2cosco+y'2  sin  u         ;/„   =  —  x's8m<o+yJ  cos<o 
From  (1)  and  (3) 

f  K2  =  i  (/'  t'"s<"  cosZ  +  rc  sin  ui  sinZ)  sin© 

+  -J- (a  sin<o  cosL—b  cos <o  sinZ)  cos© 
y„  =  I  (a  cosai  sinZ  —  b  sin<u  cosZ)  sin© 

+  i  (b  sin  a>  sin  Z  +  a  cos  u>  cos  Z)  cos  © 


(1) 


(4) 


Putting 


1/  =  I  (b  eosu)  sinL  —  a  sin  to  cosZ) 
m  cos  .1/  =  £  (b  cosw  cosZ  +  a  sin  co  sin  Z) 

V=  — 1(6  siiiw  sin  Z+a  cosa>  cosZ) 
n  cos2v*  =  — ^  (i  sinu) cosZ  — a  cosai  sin  Z) 

x j  =  m  sin  i©  —  M)      ,      y„  =  «sin(©  — iV) 


THEORY    OF   THE    POLAE    MOTION. 

WMI.KI!. 

Multiplying   the    1st    and  I'd   of   (5)  and  (6)  by  cos  /.  and 

sin/.,  respectively,  the  differences  give 

in  sin  (Z  —  .1/ )  =  \  a  sin  io    ,     n  sin  (L—N)  —  \  n  COSai     (8) 
Hence  the  angle  at  which  the  transverse  axis  lies  east  of 
Grei  mi  ich  may  be  found  by 

iii  sill  (  Z       1/  i 


it  sili  i  /.      A  i 
and  the  length  of  this  axis  is 

_      m  sin  (L—M)  nain(L—N) 

sin  id  cosw 

Reversing  the  multipliers  we  get  bj  addition 
m  cos(L-M)  =  i  b  eosco  ,  n  cos  (L—N)  =  —i  b  sin  i 
whence  the  length  of  the  conjugate  axis  is 

_  0  vi.  cos  (Z— M)  _  ncos(L—N) 


(9) 
(10) 

(11) 

(12) 


COS  to  Sill  co 

Or  we  can  get  the  axes  by  squaring  (8)  and  (11)  and 

adding, 

u   =  2  Vto*  sin3  (L—M)  +»8  sin*  (L—N) 

=  2V/ 

'   (14) 


(13) 


b    =   2V/»-cos--(Z-J/)-r-?t2cos2(Z-.V) 
To  find  Z  we  have  from  I  1  |  and  (7) 
p°-  =  x'l+y'*  =  xl+yl  =  nr  aini(Q—M)+n* sms(©— 2V) 
the  differentiation  of  which  gives  the  condition  of  maxi- 
mum for  p 

m?sm2(L-M)+n*sin2(L-N)  =  0  (15) 

which  can  be  solved  by  trial  to  get  the  unknown,  Z.     Or 
solving  (15)  directly  we  find 

m*  sin2M+n*  sin2N 
~   m*coa2M+n*cos2N 
which  completes  the  determination  of  the  elements  of  the 
ellipse  in  terms  of  the  auxiliaries  furnished  by  observation, 
through  the  observed  coordinates,    .r...  ;/.,.    by  means  of  (7). 
A  useful  check-equation 

„■+//■  =   l(m*+n*)  (17) 

is  furnished,  by  the  distance  between  the  vertices  of  the 
principal  axes,  through  the  square  of  (13). 

For  the  elucidation  of  the  properties  of  this  component 
of  the  motion  of  the  pole,  we  get  from  ( 1  | 

p*  =  xll  +  y'l=   QJsi,r,©-Z)  +  Q2COS2(©-Z)      (IS) 

whence  the  equation  of  the  ellipse 


9  Vl-e2sin2(©-Z) 


(19) 


The  relation  of  the  angle  at  the  center  to  the  argument. 
of  the  function  is 

tan/3   =   -  tan(Q-Z)  (20) 
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The  linear  velocity  of  i  lir  pole 

(21)  ^   ^Vi- 


sa COS2  (Q—  L)   ■  dQ 

resolved  into  the  velocities  in  the  direction  of  the  radius 

vector  ami  perpendicular  to  it,  gives 

The  radial  and  angular  velocities  are 


(22) 
(23) 


do  =    - 


8c 


sin2(©-Z)f/0 


dp    =        sec-iO- 


uli 


■L)  cos2/?,/©   =  -r-7,  dQ 
4,,- 


Consequeiltly    the   doilMe    area    described     h\    the    radius- 

vector  in  the  unit  of  time  is 


jdp  =  ^  dQ 


(24) 

thus  a  constant,  agreeably  with  the  proportionality  of  times 
to  areas  characteristic  of  harmonic  motion. 

3.  Fourteen  months' component.  The  coordinates  of  the 
circular  motion  with  radius  /•,,  referred  to  the  meridian  of 
Greenwich  as  the  axis  of  y,  are 

(25)      xv   =   i\  sin  (t-TJO     ,     yl   =   i\  cos  (t  -  Tt)  6 
where  t  is  the  date  of  observation,  1\  any  epoch  when  the 
pole  of  figure  passes  the  meridian  between  the  pole  of  rota- 
tion and  Greenwich  by  virtue  of  this    component   of   the 
motion,  and  6  is  the  daily  angular  motion. 

4.  Variation  of  latitude.  The  coordinates  of  the  pole 
in  virtue  of  both  of  the  components  will  be 

(2(5)  x   =   .<•,  +  .r.,  ,  y   =   yx  +  y„ 

whence  by  (7)  and  (25) 

j  x   =   rx  sin(*— Tl)0  +  m  sin  (©-J/) 

^     '  \  y   =   i\  cos  (t—  1\)  6  +  nsin(O-A') 

For  a  station  in  longitude  A,  reckoned  west  from  Green- 
wich, we  have 

(28)  <■/)  —  q0   =   x  sin  A  —  y  cos  A 

where  q   is    the  instantaneous,  and  <p0  the  mean  latitude. 
Or,  if 

(  x  =   r  sin«       ,       y  =   r  cos  a 

(29)  -]  where  the  angle  a  is  reckoned  east  from  Greenwich, 
(  we  have  </  —  q  0  =   —  r  cos  (a  +  A) 

Substituting  (27)  in  (28), 

(  </-</„  =    -^  cos [*+(*- 2))  tf] 

+  m  sin(© — M~)  sin  A 
— n  sin(©  —  N)  cos  A 

This  can  be  reduced  to  two  terms  by  transforming  the 
auxiliaries.     Put 

fx.  =   m  sin  J/         v  =   n  siniV 
J  =   in  cos  M        v'  =   n  cos  N 


(30). 


(31)  \ 
and  also 
(32)5 


r„  sin  G'  =    —  lk'  sin  A  +  v'  cos  A 
r.2  cos  £?'  =    +  /J.  sin  A  —  i/  cos  A 


Then  (30)  becomes 

./-(/„  =    -/•,  qob[\+ (t—TjO"]  -  ^cosiO-r,")         (33) 

5.  Variation  of  azimuth  and  longitude.  The  variation 
caused  in  the  azimuth,  A,  of  an  object,  from  its  mean  ralue 
./,, .  will  manifestly  be 

A  —  A{]   —    (./■  cosA  +  // sin  A)  see  i(  (34) 

Similarly  the  variation  in  longitude  is 

A  —  A0   =    —  (.r  cos  \  +  y  sin  A)  tan  q  (35) 

hi  both  of  these  expressions  we  can  substitute  the  values 
of  the  rectangular  coordinates  by  (27),  and  get  analogous 
expressions  to  those  iii  latitude,  expressed  directly  in  the 
coefficients,  if  desired. 

(i.  Numerical  values  of  the  coefficients.  Et  may  be  use- 
ful to  add  here  the  adopted  values  of  the  coefficients  for 
the  above  formulas  determined  from  a  discussion  of  the 
observations.      For  the  fourteen  months'  term 


1\  =  1865  Mar. 31  (2402327)+  t28d.6E+55d  sin* 
r,  =  0".135  +  0".05  sin* 
P  =  428d.6+54.26  cos*. 
*  =  (if-2402327)  0°.015 

For  the  annual  term 


360° 


in  =  0".ll       a  =  0".ll       .1/  =  300° 
whence  by  (31)  and  (32) 

r.  sin  G'   =    -0".0550  sin  A 


N  =  270° 


1 


r2cosG'  =   -0".0953  sinA  +  0".1100  cosA       $ 


(36) 


(37) 


(38) 


The  law  of  the  coefficients  of  the  fourteen  months'  term, 
in  (36),  was  developed  empirically  from  the  observations 
between  1825-90,  in  A.J.  322,  and  is  confirmed  by  the  ob- 
servations of  1890-96  inclusive,  as  will  be  shown  in  an 
article  yet  to  be  published.  A  tabulation  will  be  found  in 
A.J.  322  and  360. 

The  coefficients  of  the  annual  term,  in  (37),  were  found 
from  a  discussion  of  the  observations  of  1890-93,  in  A.J.  323 
and  329,  and  the  later  observations,  1894-96.5,  confirm 
them,  as  shown  in  A.J.  402,  giving  no  material  improve- 
ment. 

7.  Numerical  equations.  Substituting  the  coefficients 
(.'17)  in  (16),  (9),  (10)  and  (12)  0]  (13),  we  have  the  ele- 
ments of  the  ellipse 

L  =  15°  a  =  0".30  ) 

«,,  =  45°  b  =   0".0S  S 

as  given  in  A.J.  329.     Also,     e  =  0.9638. 
From  (27)  and  (37) 

x  =  r,  sin  (t  —  Tj)  6  +  0".ll  sin  (0  -  300°) 
y  =  rx  cos(£—  T^B  +  V. 11  COS© 

as  in  A.J. 360  and  392,  where  these  coordinates  are  tabu- 
lated for  1893-97  inclusive.  Then  the  variation  of  latitude 
may  be  found  by  (28).     Or  (29)  may  be  used,  after  tabu- 


;  (40) 
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lating  r  and  a,  as  in  A.J.392.     Or  directly,  h\    (30)  and 

«j-g0=  -n  cob[x+ (t-rofl 


5 


+0".ll  sin.O     300  i  sinX 

-   1 1".]  l  cosC 


or,  if  preferred,  the  values  of  rt  and  G'  found  by  (38)  may 

be  inserted  in  (33). 

3.    It  is  hoped  that  the  preceding  synopsis  of  the  theorj 

will  be  stance  in  interpreting  the  various  articles 

e  subject  in  this  Journal,  the  notation  and    formulas 

of  which   strictly  correspond  to  those  here  used,  so  thai 

there  can  be  no  confusion. 

There  is  only  one  point  on  which  there  will  be  any  un- 

.!;,  in  the  application  of  the  formulas,  and  this  is  so 
important  that  it  must  be  spoken  of  here.  In  A.J.  102  it 
has  been  shown  that  there  is  no  indication,  from  the  obser- 
vation^ of  L890  96,  of  any  progressive  alteration  in  the 
■  li  men -ions  or  position  of  the  annual  ellipse.  On  t  he  other 
hand  the  investigation  in  A.J.  322  makes  it  apparent  that. 
such  changi  ng  on,  in  long  period,  analogous  to 

those  in  the  fourteen  months'  term.  But,  for  want  of  suf- 
ficiently extensive  or  accurate  observations  in  the  United 
Long  anterior  to  L890,  it  is  impossible  to  determine 
the  nature  of  the  changes  in  the  elliptical  component  to 
which  the  variations  shown  by  the  European  observations, 
thus  only  in  one  coordinate,  correspond.  Therefore,  in 
computing  variations  of  latitude  before  1890,  the  question 

whether  the  values  to  be  employed  for  the  annual 
term  should  he  those  of  eq.  (52)  in  A.J.  322,  or  those  of 
the  elliptical  elements  developed  from  observations  since 
L890.  The  differences  are  not  large  or  practically  impor- 
tant. My  own  opinion  is.  from  such  evidence  as  is  availa- 
ble, that  at'tei  aboul  L880  it  will  be  better  to  use  the  latter, 
but  previously  to  that  date  to  have  recourse  directly  to  the 


former.  The  difficulty  is  one  which  can  only  be  settled  by 
time  and  the  development,  from  future  observation,  of  the 
nature  of  the  slow  changes  in  the  ellipse  which  are  proba- 
bly in  operation. 

'.).  Some  doubt  has  been  expressed,  in  a  quarter  entitled 
to  respectful  consideration,  on  the  point  whether  the  annual 
term  in  the  mot  inn  of  the  pole  can  be  as  eccentric  as  m\  de- 
term  inatioti  ot  it  ,,       It. '.»!'.  >  reipiires.     In  the  cut  ire  absence  of 

any  tl etical  knowledge  of  the  cause  of  this  motion,  other 

than  the  vaguest  surmise  not  \  el  brought  within  the  range 
of  analysis,  any  rational  opinion  which  can  be  formed  in 
the  present  state  of  the  subject  must  rest  on  the  testimony 
of  observation  alone.  It  seems  to  me  well,  therefore,  that 
all  the  evidence  which  we  have  should  be  brought  to  bear 
in  the  most  direct  manner  upon  this  question,  so  that  an\ 
objection,  whether  on  the  ground  of  the  competency  of  the 
observations  or  the  correctness  of  the  met  bod  of  employing 
them,  may  be  fairly  considered.  Although  the  topic  is 
logically  outside  the  intended  scope  of  this  article,  it  is 
convenient  to  set  it  forth  here. 

On  pp.83  and  130,  A.J.  Vol.  XIV.  1  have  given  the  co- 
ordinates '.../A,,  deduced  directly  from  the  observations  for 
the  period  1890.0-94.0;  and  recently  in  A.J.  402,  similar 
values  for  the  period  1894.0  96.5.  From  these  tl. 
served  radius  of  the  annual  motion,  p  —  Vsc|  +  y*,  may 
be  directly  found.  These  values  are  given  —  arranged  in 
order  of  the  longitude  of  the  mean  sun — in  the  columns 
"Ob  •Ip,''  in  the  first  two  sections  of  the  accompanying 
table,  which  contain,  respectively,  the  observations  March - 
August,  and  September- February.  The  third  section  of 
the  table  gives  the  corresponding  means,  which,  combin- 
ing opposite  seasons  of  the  year,  are  presumably  free 
from  errors  which  might  affect  data  obtained  at  the 
season. 


March-August 

September-February 

Mean 

o 

<  >  i .-  - .  1  /> 

V 

Comji'd  p 

O— C 

O 

Obs'd  p 

V 

( Jomp'd  p 

o— c 

Obs'd  p 

1.053 

Comp'd 

o.l  10 

i     O— c 

+  0.014 

1?0 

(UNO 

+0.073 

O.'l  15 

+o'o35 

183°0 

0*139 

+  o!'o32 

o.l  17 

-0"008 

0.100 

+  ( 

5.2 

.139 

+ 

.032 

.1  IS 

— 

.009 

187.2 

.094 

_ 

.013 

.149 

_ 

.055 

.117 

+ 

.010 

.1  Is 

-   .031 

20.2 

.188 

+ 

.081 

.  i  51 1 

+ 

.038 

198.1 

.114 

+ 

.007 

.150 

_ 

.036 

.151 

+ 

.nil 

.  1 51 1 

+   .001 

24.3 

.193 

+ 

.086 

.148 

+ 

.045 

202.3 

.144 

+ 

.037 

.149 

_ 

.005 

.168 

+ 

.061 

.1  18 

+  .020 

39.4 

.139 

+ 

.032 

.137 

+ 

.002 

217.3 

.108 

+ 

.001 

.139 

_ 

.031 

.124 

+ 

.017 

.138 

-  .014 

50.2 

.156 

+ 

.ol  ;t 

.  1 25 

+ 

.031 

232.3 

.113 

+ 

.006 

.121 

_ 

.OILS 

,134 

+ 

.027 

.123 

+  .011 

54.4 

.100 

— 

.no: 

.lis 

— 

.018 

236.5 

.131 

+ 

.01'  1 

.116 

+ 

.015 

.116 

+ 

,009 

.117 

.001 

69.5 

.130 

+ 

.023 

.092" 

+ 

.038 

247.3 

.1bl 

+ 

.054 

.096 

+ 

.065 

.1  15 

+ 

.038 

.094 

+   .051 

73.6 

.077 

— 

.030 

.085 

— 

.008 

251.5 

.117'.) 



.028 

.087 

_ 

.008 

.078 

_ 

.OL".) 

.086 

-   .008 

si     1 

.051 

— 

.056 

.065 

— 

.014 

262.5 

.082 

_ 

.025 

.069 

+ 

.013 

.007 

— 

.040 

.007 

1 

88.6 

.  1 20 

+ 

.013 

.058 

+ 

.062 

266.7 

.080 



.027 

.060 

+ 

.020 

.100 



.0117 

.059 

+   .041 

99.5 

.095 

— 

.012 

.042 

+ 

.053 

281.5 





.107 

.042 

_ 

.042 

JUS 

_ 

.059 

.0)1' 

+   .006 

103.7 

.036 

— 

.H71 

.041 

— 

.005 

285.5 

.000 

_ 

.107 

.040 

_ 

.040 

.018 

_ 

.089 

.040 

-   .022 

118.7 

064 

— 

.043 

.053 

+ 

nil 

300.8 

.057 

_ 

.050 

.056 

+ 

.mil 

.060 



.047 

.055 

+   .005 

122.9 

.023 

— 

.084 

.060 

— 

.037 

311.7 

.120 

+ 

.013 

.076 

+ 

.044 

.072 



.035 

.068 

r-   ,004 

L33.7 

.085 

— 

.022 

.080 

+ 

.005 

315.9 

.100 

_ 

.11117 

.084 

+ 

.016 

.092 

_ 

.015 

.i  182 

+  .010 

L37.9 

.137 

+ 

.030 

087 

+ 

.050 

330.9 

.121 

+ 

.ol  1 

.1  11 

+ 

.010 

.129 

+ 

.022 

.099 

+   .030 

1  L8.8 

.063 

— 

.044 

Jos 

— 

.045 

335.0 

.203 

+ 

.096 

.118 

+ 

.085 

.133 

+ 

.026 

.113 

+  .020 

153.0 

0.121 

:    | 

0.115 

+  0.006 

350.1 

0.114 

t  o.ooT 

0.1. -!7 

-0.023 

0.118 

+  O.II11 

0.126 

-o.oo.s 
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Now,  in  the  first  place,  if  the  annual  motion  were  a 
circular  one  these  observed  values  of  p  should  conform  bo 
their  average  value,  which  is  0".107,  without  tendency  to 
system  in  the  deviations  from  it  which  will  be  found  in  the 
columns  "v."  The  testimony  of  these  columns  is  most  dis- 
tinctly against  this  hypothesis  of  circular  motion.  Aside 
from  accidental  deviations  the  values  range  quite  regularly 
between  maxima  and  minima  three  months  apart. 

In  the  second  place,  let  us  make  a  comparison  with  the 
theory  of  elliptical  motion.  From  eq.  i  l'.h  of  section  2 and 
the  numerical  values  in  (39)  we  have 

p  =  "  Vl-e<-sin2(©-Z)  =  0".15Vl-0.929sm2(©-15°) 

whose  values  will  be  found  in  the  columns  "  Comp'd  p." 
The  deviations  from  the  observed  values  are  in  the  columns 
0  —  0.  The  conformity  exhibited  is  extremely  satisfactory  . 
Nor  can  any  materially  smaller  value  of  the  eccentricity 
be  used  without  violating  the  observed  distances. 

An  independent  argument  may  be  drawn  from  an  analo- 
gous treatment  of  the  other  polar  coordinate,  the  angle 
from  the  center,  /3.  If  we  put  in  eq.  (2)  the  value  of 
co  =  45°,     we  have  from  (1) 

■!/-2 


(42) 


tan/3   = 


>.,  +  y 


Then  from  the  observed  values  of  x2,  y2,  in  the  places 
above  cited,  we  get  from  (42)  a  series  of  observed  values  of 
/3.  Taking  the  means,  as  in  the  case  of  the  radius-vector, 
for  the  data  at  opposite  seasons  of  the  year,  to  eliminate 
possible  effects  of  temperature,  we  have  the  column  "Obs'd/3" 
in  the  following  table,  corresponding  to  that  for  p  in  the 
last  section  of  the  foregoing  table.  The  column  v  gives 
similarly  the  deviations  from   the  hypothesis  of   circular 


motion;  equivalent  to  putting  a  =  b  in  eq.  (20),  so  that 
/}  =  ©  —  L.  For  the  corresponding  comparison  with  the 
elliptic  theory  we  have  Erom  (20)  and  (39), 
tan/3  =  0.267  tan  (©-15°) 
as  given  in  I  lie  column  ''Comp'd  /3'';  followed  by  O  —  C  as 
before.  It  should  be  noted  bhat  the  assumption  as  to  a)  in 
deducing  |  12)  does  aol  vitiate  the  proof. 


Obs'd  |8 


Comp'd  11 


-   12 

+    1 

_ 

3 

-  9 

-  18 

-    9 

_ 

3 

-15 

+  13 

+  9 

+ 

1 

+  12 

_     7 

-15 

+ 

2 

-  9 

+   13 

-10 

+ 

7 

+  6 

+     5 

-31 

+ 

1L' 

-   7 

_     7 

-47 

+ 

13 

-20 

+   46 

_  7 

+ 

21 

+  25 

+  12 

-45 

+ 

22 

-10 

+  46 

•>•> 

+ 

34 

+  12 

+  SO 

+    7 

+ 

41 

+  39 

+  81 

-   4 

+ 

73 

+   8 

+  118 

+  28 

+ 

88 

+  30 

+  149 

+  44 

+135 

+  14 

+146 

+  34 

+146 

0 

+  145 

+  25 

+  1 

51 

-  9 

+  174 

+45 

+  162 

+  12 

+  135 

_   o 

+  165 

-30 

+  185 

+  38 

41 

70 

+  15 

The  foregoing  demonstration,  both  from  the  radius  and 
angle  vectors,  appears  to  me  unobjectionable  and  conclu- 
clusive;  and  would  authorize  us  to  reject,  as  incorrect  or 
imperfect,  any  speculation  or  dynamical  theory  which  is 
incompatible  with  an  annual  motion  closely  approaching  a 
harmonic  rectilinear  vibration  of  the  pole  of  rotation  across 
mean  position  on  the  earth's  surface. 


OBSERVATIONS   OF   COMET   1896  VI  (=  1889  V), 

MADE    AT  THE    D.S.    NAVAL    OBSBBVATOBT, 

By  Puof.  STIMSON  J.  BROWN, 
[Communicated  by  Prof.  Wm,  II  akkness,  U.S.N.,  Astronomical  Director.] 


No. 

#- 

-* 

logpA 

1896-7  Wasl 

ington  M.T. 

* 

Comp. 

Aa 

A8 

a 

8 

for  a 

for  8 

Nov.     6 

h      in 

7  21.1 

1 

18  ,  5 

-0 

39.28 

-3     6.2 

21'  28  31.31 

-11  57  46.2 

7.2148 

0.8347 

25 

S  54.6 

3 

6  ,  4 

-0 

16.94 

+3  54.3 

22  52  28.69 

-  8     9  13.6 

9.4361 

0.7966 

Dec.     9 

9  19.7 

5 

4,4 

+  0 

9.56 

+  0  53.4 

23  13  44.06 

-  5     5  16.0 

9.5644 

0.7702 

23 

6  32.8 

6 

7  ,0 

+  1 

39.26 

23  36  53.40 

9.1274 

7     3.5 

7 

0  .  3 

-0     9.4 

-   1  53  40.1 

0.7589 

7  16.0 

7 

1 

23  36  56.78 

9.2427 

7  21.0 

7 

1 

-  1  53  30.7 

0.7575 

24 

6   12.0 

9 

5  .  4 

+  0 

4.29 

-i  57.6 

23  38  37.66 

-  1  39  51.5 

9.2427 

0.7569 

7  12.8 

8 

6 

+  2 

0.80 

23  38  39.89 

9.3183 

7     0.7 

10 

+  0 

16.58 

-5  36.94 

23  49  11.91 

-  0  15  14.5 

9.3535 

0.7445 

Jan.     6 

6  43.2 

11 

6  ,  8 

-t-o 

9.81 

+  6  32.2 

0     1  45.57 

+   1  23  45.7 

9.3435 

0.7304 

23 

7  26.4 

12 

8  .  6 

+  0 

12.01 

-2  51.1 

0  33  27.09 

+  5  24  58.6 

9.5481 

0.7024 

Feb.     4 

7  13.8 

14 

(i  .  5 

-2  54.8 

+  8  15  22.6 

0.6844 

7   3(1.(1 

14 

5,0 

-0 

10.02 

0  56  30.98 

9.5739 

'        * 

it.; 
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Mean   Places  for  1896.0  and  1897A 

of  Comparison- Stars. 

* 

a 

app.  place 

S 

Red.  i" 
app.  place 

Authority 

1 

h        m 

22  29     6.80 

!  3.85 

_ll  :,i  58.3 

!  L8.3 

Washington  Transil  Circle 

•' 

22  53     1.82 

_  8  17  25.7 

+19.9 

(Sehj.9424  1  W.B.  L055) 

3 

22  52   ll.'.'l 

_  8   L3  27.8 

I  L9.9 

L2»  from  *2.      la  -22-.S8;  dl  +3'  57" 

9 

1 

23  I-  31.88 

6 

-   5     5  27.7 

+21.3 

W.  Bessel  I'.is 

23  13  31  38 

+3.60 

-  5     6  30.7 

+21.3 

1  1 »  from  *  1.      la   \  59'.50;    /8     -63".0 

6 

23  35  L0.60 

+3.54 

-  1   56  L5.1 

+22.4 

W.  Bessel  678 

7 

23  36  53.24 

_   l   53  53  1 

+22.4 

11"  from  *6.    /«   11"  12. r,l  :    «  +2'  22".0 

8 

23  38  30.64 

+3.53 

_    l   38   L6.4 

+  22.5 

IP'  from  *9.    la  +lm55,.08;    /8  +2'  8" 

i 

9 

■_!:;  36  35.56 

_    1    in     2.6 

+  22.5 

\\ .  Bessel  708 

in 

23    L8  50.99 

—  (i   In     0.2 

+22.8 

\  (R.  1 1727  +■  Mini.  [1,32861  +  Cop.  B.  65 

m 

11 

0     1   35.30 

1  0.46 

+   117    1  1.71 

-   1.40 

Boss,  Albany  A.G.,3 

L2 

0  33  1  t.66 

+0.42 

+  5  27  33.8 

+     1.5  1 

\Y.  Bessel  521 

L3 

ii  57     7.91 

+0.43 

+  8   L6     5.8 

+  5.30 

Farnall840 

14 

0  56  40.57 

1-0.43 

f    s    1  1    1 2. ! 

From  *13;    la  -27'.34  :  d%  -V  53".7 

Dec  9      Paint  nebulous  object  at  lirsl  observed  for  < 
in  a  23' 

23.     Faint   nebulous  object,  24"  preceding  and   I  .8  S.     No 

o  i  i  in  91 1  in,!  23d.  Both  objects 
were  carefully  observed  on  account  of  the  suspected  division  of  the 
1889  i  omet.     The  last  two  observations  were  made  bj  estimating  the 

tini.'  of  coincidence  with  the  VI"  star. 


All  the  observations  were  made  with  the  26-inch  equatorial,  using 
a  magnifying  power  of  200.     The  following  corrections  for  reduction 

i  mm mon  epoch  have  1 n applied  :    Dec.  9,  Ja  — 0".48for-  7m.25. 

Dec.  24,  Ja  — C.77tor—  10m.5.  Dec.  25,  Ja +0".83  for  l  I'M'.  Jan.  6, 
Jo  +0».2  for  +0"'.:;.     Jan.  28,  Jo  +11".  I  for  r-19m.5. 


OBSERVATIONS  OF   SAPPHO, 

l  BOW    PJ .11  Mill'     ME  i.ST  BEMENT8, 

Commi  sicated  nv   1'.   P.   LEAVENWORTH. 


#" 

-* 

^/"s  mean 

log  l'± 

L893  STorthfield  M.T. 

* 

/.< 

z/8 

a 

8 

tor  a 

fori) 

Dec.  28 

h      m      a 

11    27   21 

1 

+  2  19.16 

+   4    I'.i.s 

h       ill    8 

7  42  2.09 

17    15   1. '•...■'. 

»9.265 

0.726 

28 

1 1    27   24 

•  > 

+  1   30.11 

-  9  36.7 

7    12  2.11 

+  7  45  15.5 

»9.265 

0.726 

28 

11    27   24 

3 

+  o  33.84 

+  22    13.8 

7  42  2.10 

+  7   45    12.ii 

»9.265 

0.726 

28 

11    27   2  1 

4 

+  0  13.58 

+26  16.1 

7  42  2.26 

+  7  45    13.2 

»9.265 

0.726 

28 

11    27   21 

5 

-0     2.16 

+    8  54.6 

7    12  2.09 

+  7  45    12.1 

n9.265 

0.726 

28 

11  27  2  1 

G 

_0  36  58 

+  42  11.2 

7    12  2.07 

+  7  45   11.7 

rc9.265 

0.726 

Mian   Places  for  1893.0  of  Comparison- Stars. 


* 

a 

S 

Authority 

1 

2 
3 
4 
5 
6 

7  39    1=2.93 
7    in  32.00 
7  41  28.26 
7   11    18.68 
7    12     1.25 
7    12  38.03 

+  7    in  23.5 
+  7  51  52.2 
_l_  -  22  28  2 
+  7  18  57.1 
+  7  36   L7.8 
+  7     3     3.5 

Weisse's  Bessel  1 142 

Weisse's  Bessel  1 163 

P.  9528 

Gottingen  L833 

1    Weisse's  Bessel +Lalande  L5161  i 

I  (Weisse's  Bessel +Lalande  L5188) 

Tin-  photograph    from  whirl,  these  measures  were  obtaim 
taken  by  Hr.  II.  C.  Wilson  with  the  8+incb  telescope  of  the  Good 
sell  Observatory.     The  measurements  and  reductions  were  made  bj 
E    L  Lee  and  Frank  M.  He wett,  students  oi  the  University  of 
.Minn.-  en  ded I  for  the  beginning  of  the  year, 


and  are  therefore  corrected  for  precession,  nutation  ami  annual 
aberration.  Refraction  also  has  been  applied.  The  discrepancies  in 
ihc  individual  places  may  be  accounted  for  in  part  by  the  poor  places 

of  the  stars. 


CONTEXTS. 

\  i:i  BBA1  ion.    HI     PBOF.  C.    I..    DOOLITTLE. 

Synthetical  Statement  of  thi    i bi   "i    che  Polar  Motion,  m    Db.  S.  C.  Chandler 
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MEASURES   OF   DOUBLE  STARS, 


MADE    AT   THE    OBSEBVATOBY   OF   THE    UNIVERSITY 

By  F.  P.  LEAVENWORTH. 


IF    MINNESOTA, 


These  measures  were  made  with  the  lOMnch  equatorial 
mostly  during  the  summer  of  1896.  A  list  of  stars  that 
especially  needed   measurement    was    furnished   by  Prof. 


0  500 

a  =  0'-  40'"  56' 

1896.631 

.822 


8M    85[ 

,  8  =  +30°  8' 

293/T        0.64 

286.0         0.61 


1896.726         289.8        0.62 
Very  little  change  in  angle. 

21306     5M    9" 
a  =  9">  1'"  37s  ,  8  =  +07°  32' 
1897.230  206.7         1.22 

.343  210.7         1.26 


1897.286 


208.7 


1.24 


The  apparent  motion  is  nearly 
rectilinear,  but  it  is  probably  a 
binary  system. 

02261     6".0    6*.5 
a  =  13"  7"'  15s  ,  8  =  +32°  37' 
1896.390  347.6         1.34 

.453  346.9         1.39 


1896.422  347.2         1.36 

Apparently  rectilinear  motion. 

218S8    £  Boot  is     

a  =  14"  46™  46s   ,   8  =  +19°  31' 

1896.384  223.3         2.94 

.403  222.9         2.62 

.420  221.4         2.71 


1896.402 


2.76 


21909     44  Bootis     5M    6" 
a  =  15h  0">  31s  ,  8  =  +4S°  3' 
1896.423  242.7         4.63 

.431  240.6         4.6", 


1S'.i<;.4L' 


241.6 


4.64 


21924     8".7    9M.l 


a  =  15'1  91 

L896.4  12 
.453 

.486 


48'  ,  8  =  +26°  S' 

305.7      15.43 

307.2  15.19 

305.3  15.19 


1s;m;,16m 


306.1       15.27 


Fixed.     No  measures  between 
1844  and  1S96. 

0351      S".5     12" 
a  =  15i'  11'"  27"  ,  8  =  —15°  13' 
1896.491  301.2       10.90 

.497  302.8       10.60 


1896.494  302.0 

Relatively  fixed. 

21937    i)  Coronae 
a  =  15"  19 

1896.420 
.423 
.431 
.472 


10.75 


,  8  =  +30°  39' 
309.1  0.39 
314.5  0.46 
3115.4  0.36 
317.0         0.39 


1896.436 

I*2  Bootis 

a  =  15"  20'"  44' 

1896.420 

.423 
.425 
.431 
.444 


311.5 


0.40 


'M.0  7M.4 
,  8  =  +37°  43' 

80.3  0.72 

83.7  0.77 

80.7  0.73 
81.0  0.80 

81.8  0.76 


1896.429 
0  945 

a  =  15"  26"' 

1896.508 
.510 


81.5 


0.76 


6\6    12M.0 
!7»  ,  8  =  +57°  47' 
31.9       16.11 
31.8       15.95 


1896.5)19 


31.8       16.03 


Burxham,  who  also  kindly  added  the  notes  relating  to 
their  motion.  The  right-ascensions  and  declinations  are 
for  the  equinox  of  1900.0. 


The  principal  star  has  proper 
motion  of  0".304  in  direction  of 
297°. 4.  The  change  in  B  cor- 
responds to  this  movement. 

02297     7M.5    12".8 

a  =  15"  30'"  31"  ,    8  =  +25°  21' 

L896.508         13S?9        5.51 
.510  138.0         5.43 


1896.509  138.4        5.47 

The  change  of  about  8"  in  dis- 
tance since  1845  appears  to  be 
due  to  proper  motion. 


0  629      ...      . 
a  =  15"  40'"  6»  ,  8  = 

A  and  B. 
1896.521  176.6 

.524  176.4 

.527  17(i.l 


-27°  45' 

0.69 
0.56 
0.64 


1896.524  174.5         0.63 

Direct  motion  in  angle. 

21969     8".0    8!1.3 
a  =  15"  39'"  24s  ,  8  =  +60°  18' 
1896.497  50.0         0.75 

.502  52.7         0.68 


1896.500  51.4 

Distance  decreasing. 


0.72 


0810     8U.6    10».8 

a  =  15"  47'"  36s  ,   8  =  4-42°  46' 

1896.497  85.2         0.90 

.510  87.6         0.79 

.518  S5.1         0.76 

1896.508  86X)         (K82 

Angle  and  distance  decreasing. 


21992     8H.8    8».9 

a  =  15"  55'"  33'    ,    8  =  +1 1°  57' 

1896.453         326^2        5:95 
.472  325.1         5.88 

.486  326.2         5.83 

1896.470  325.8         5^89 

Probably  without  change. 

Hv.  75     7". 8    9M.6 

a  =  15"  56'"  50s  ,   8  =  +26°  27' 

1896.486  110.6       47.22 

.491  111.3       47.44 

1896.488  111.0       47.33 

Change  from  proper  motion  of 
about  5"  since  1841. 

S  676     p  Coronae     6M    9M.2 

a  =  15"  57'"  15s  ,  8  =  +33°  36' 

1896.486  83.6       80.10 

.491  83.9       79.75 

■502  83.6       80.11 

1896.493  83/7       79.99 

The  change  of  60°  in  angle  is 
explained  by  proper  motion  of 
principal  star 

22032     o-  Coronae      5"    6M 


a  =  16"  10'" 

56s  ,  8  =  +34°  7' 

1896.4l'i  i 

210.1         4.44 

.41/3 

211.0         4.39 

.425 

211.3         4.35 

.502 

211.9         4.02 

1896.442 

211.1         4.30 

22026 

8M.7    9s'. 1' 

a  =  16"  11" 

3»  ,  8  =  +7°  38' 

1896.497 

261.8         0.63 

.502 

2i;o.o        0.63 

.521 

261.3         0.63 

1896.507         263.0        0.63 
Binary.    Distance  in  1830,  2.54. 

(177) 
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£2036     9*.0    1"    I 
<x  =  :  S    =    1-72     19' 

.1  and  U. 

197  233.2 

.502  234.2  2.51 

.521  232.9  2.25 

.573  231.7  2.21 

L896.523  233.0        2.33 

.1  and  C. 

1896.521  343.1 

.573  339.4       L4.35 

.581  339.2       14.19 

L896.558  340.6       14.27 

Measures   of  .1/;  discordant, 
and  change  uncertain. 

0£311  7».7      I-     3 

a—  i  =  +21°7' 

1896.442  L99.0         7.19 

.464  L98.2         7.53 

.486  L98.2        7\30 

1896.464  L9S.5         7.34 

Th.'  motion  appears  to  be  recti- 
linear. 

-     1     10M.3 

a  =  8  =  -f  13    8 

L896.442  342.4         8.68 

l.-,:;  341.4         8.41 

:.1"         341.0         8.87 

168  341.6         8.65 

The  change  appe 
to  prop,  principal  star. 

£2075     8»2     11     I 
a  =  16    26     17    ,  8  =  +8 
LS96.587  320.1         1.20 

.623         321.8         1.10 


L896.605         321.0 
n  doubtful. 


1.1.-. 


£2057  9\3  9 
a  =  16  27  9'  ,  8=  ■ 
L896.472  267.5         4.92 

.isn  267.0         1.95 

1896.476         267.2         4.94 
Fixed. 

£2058 

a  =  16"  27m  19s  ,  8  =  +19    31' 

.1  and  /.' 
1896.480         347.3         2.03 
.491  348.0         1.89 


:;t;.<;  1.96 

.1  /;  a 

L896.480          L37.1  15.95 

.491           L38.3  L5.61 


L896  186  137.7 

isures  of  .IB  in  the 
last  Bity  yars.  No  evidence  of 
change.  The  faint  star  lias  in- ver 
i ii  measured 


£20S0     8M.0     ll".8 
a  =  16"  85™ 

1896.516  26.1  3.15 

.518  -i   i  3.46 

.524  26.4  3.16 

.587  25.0  3.28 

L896.536  25.9        3.26 

Hut  few  measures  of  tins  pair. 

Distance    steadily    diminishing, 

with  but    little    change  in    the 

units     will 

finally  form  a  close  pair. 

ai:>    8  .0 

a  =  16h   I"     .-.7     .   8  -  -  -'   I 

L896.423  338.2         0.59 

.431  334.7 

180  337.9 

.497  336.4         0.56 


L896.458 


336.8         0.58 


;\  binary.  Bui  the  mo 
tion  io  1892  «;i~  apparently  recti- 
linear. 


0627  52  //•  ii  5  9  5 
a  =  Uih  4o"'  18-  .  o  =  +46°  10' 

L896.453  316.7  L.42 

.491  319.7  1.78 

.494  316.4  2.00 

510  315.9 

.518  318.0  2.06 


L896.493 


317.3 


1 .82 


£2107     6"    8" 

„  =  i . .  -  47"'  '>-y  .  8  = 

L896.521  303.2         0.40 

.524  304.2         0.34 

.528         304.9         0.30 


1896.524 


304.1 


0.35 


Binary.     An  arc  of  155°  has 

i 11  passed  over  sinci 

of  2  in  1829. 


Kiistn.-r  1      6M.6     10". 2 
a  =  lu'-47m37!  ,  8  =  +77     IT 
1896.497  192.8 

.502  192.4         2.93 

.,727  192.9         2.87 


[822  ,6U.8    11     - 
u=  16"59m'31'  ,  8  =   I  19    19 

L896.518  229  0  l  67 

.521  225.1 

.524  226.7  1.53 

.527  231.6  1.71 


22S.1 


1  64 


L896.522 

No  ,-\  [dence  of  motion   since 
1881. 


,8357     8  .0    9'  3 
a  =  17   0    19      8  =  +10' 
L896.453  297.2 

.  199  298.6 

.579  298.3 


1896.510  298.0 

Some  change  in   the  am 

,  B23     8    0    9  .2 

a  =  17"  l'"30-  ,  8  =  +0° 

L896.453  5.5 

.499  5.6 

..MS  I.;) 


L896.490 
Slow  dlrecl  motion  in  an; 


1896.509  192.7         2.90 

Change  since  the  measures  of 

^2117     8   .2     1"  '  8 
a  =  16h55m42'  .  8  =  +.-.I    57' 
1896.573  105.4         1.37 

.579  106.3         1.26 


105.8 


1.32 


1896.576 

slow  motion  in   angle.    Only 
:;  measures  since  1831. 


1  41' 

1.18 
1.24 
1.18 

1.20 

tie  is 


17' 

0.92 
0.94 
0.98 

(X95 

.!-'. 


0  1118    ,,  Ophiu.     I"."    -V1-" 

a  =  17"  4'"  38-  .8=1-,    36' 

1896.521  262.2         0.38 

.524  259.2         0.37 

527  258.0         0.40 


1896.524  259.8         0.38 

In  1892/3  found  the  angle  270  .0 
and  distance  I  ■■:,;. 

0£327     7M.7>     7   .7 
u  =  17:   I2ra  16    .  8  =  +56    15' 
1896.573  318.5        0.31 

.587  313.5         0.28 


1896.580  316.0         0.30 

Very  fevi  measures.     The  mo 
tion  may  be  rapid. 

£2150     9".3    9". 7 

a  =  17"  li',"  in-  .   8  =  +l      10' 

1896.472  196.9         9.40 

.480  L95.6         9.15 

.491  196.7        9.11 

1896.481  196.4         9.22 

Distance  and  angle  increasing. 

i  mly  one  measure  since  1866. 

£47     8».l      105,.8 
a'=  17h  55»  88*  ,  8  =  -10°  14' 
lS9f,..-.27  274.(1  1.76 

.554  273.3         L.65 

..779         272.:;        1.51 


7n  Ophiuchi     P. ii     5".5 
a  =  18"  ii"1  28"  .  8  =  +2   32' 


1896.529 
.705 
.768 
.787 
.'790 
,822 

1896.734 


289.7 
288.0 
288. 1 
288.9 
288.2 
288.6 


o  22 
2.20 
2.21 
2.20 
2. 1 5 
2.15 


288.6        2.19 


0132     7».0 


a  =  18"  5" 
1896.4  II 

..-,21 

.554 
1896.506 


IS"  ,  8=      19    52 


224.8 
226.6 

224.5 


0.94 


Retrograde  motion. 


0  163 

1896.444 
.513 
.518 
.521 


9MI      9".8 
55'  ,  8  =  — 1(3 
102.4 
102.6 
99.9 
100.3 


.88 


1896.499 


101.3 


1896.553 


r::.2 


1.64 


£2311     8».8     9".6 

i-    17'"  24    .  8  =  +llc  23' 
17.7.7  6.41 

159.7         5.72 
158.9         5.88 


a 
1896.464 

.491 

.497 

1896.484  158.8         6.00 

In  1830  distance  was  8'.65,  and 
angle  170  .7.  .Motion  probablj 
rectilinear. 

0£347  7H.0     llu.5 

a  =  Is    19  .-,  I    ,  8  =  +7°  11' 

1896.513  346.5    3.28 

.524  346.3    3.01 

.529  346.8    3.10 

1896.522  346.5         3.13 

No  measures  since  1868.  Angle 
and  distance  are  diminishing. 


0134 

a  =  18h  22 

1896.491 

.  199 
.573 

1896.521 


:'A-  8  =  +46   50' 

141.0  i.08 
137.8         1.17 

133.1  1.19 


137.3 
No  material  change. 


1.17. 


£2369     7».7    8».3 

a  =  18'.  :;sm  54-  ,  8  =  +2°  31' 

1896.444  93.2         1.17 

.480  91  8         1.09 

191  93.1         1-12 


1896.472 


92 


1.13 


Tin-  components  are  slowlj  ap- 
proaching. 


N°-4<)7 
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17'.  i 


(3  645     7 
a  =  181'  88ra  53 

1896.554 
.579 

.CDC, 

L896.580 


*.3    lP'.S 
,  8  =  +i'.i    22' 

300.4  9.33 
304.2  9.59 
306.1         9.68 


303.6 


it..-,:; 


.£2393    7".5    9".5 

a  =  18"  41'"  47'  ,    8  =  +38°  12' 

1896.448  24.3       13.40 

.464  24.2 

.494  24.8       13.37 

1896.469  24.4      13.38 

The  stars  are   gradual]}   sepa- 
rating.     Nu  measure  since  Ini'm. 

,8648     6M.0     8M.8 

a  =  18'  53'"  15s  ,  8  =  +32    46' 

1896.554  233.6         1.65 

.573  233.4         1.35 

.579  233.1         1.36 


1896.569  233.4         1.45 

The    companion     has     moved 
about  S0J  since  187S. 

£2438     7 ".5   7M.5 

a  =  IS1'  55">49»  ,   8=  +58    6' 

1896.448  22.5        0.32 

.524  32.0         0.34 

.527  20.5        0.38 


1896.500  25J)        0.35 

Rapid  binary. 

22434     8S[.2    9».2 
a  =  IS1'  57ra  35s  ,  8  =  — 0°  51' 

B  and  C 
1896.444  59.0         1.25 

.491  59.7         1.38 


1896.468  50.4 

Certainly  binary. 

,852     8M.2    9M.6    11 

a  —  IS1'  50'"  43'  ,   8  =  + 
A  and  /; 

1896.579  300.3 

.581  299.6 

.661  299.5 


1.32 


25°  53' 

51.95 
51.81 

51.98 


1896.607 

1896.579 
.581 
.661 


299.S 
B  and  C. 
174.4 
167.4 
171.1 


51.91 

8.97 
8.34 
8.65 


1896.607  171.0 

Xo  other  measures. 


S.C5 


,8140     7M.9    10K.9    11M.6 
a  =  19"  11'"  1SS  ,  8  =  —11°  9' 

A  and  B. 
1896.614  324.0       37.37 

.620  324.9       37.46 

.759  325.7       37.07 


1S96.61 


B  and  C. 

209.1  7.66 

208.2  7.86 
208.5  7.46 


1896.664 
Distance 


208.6 
increasing. 


.66 


/3142     7\7    8M.0 
a  =  19h22">878  .  8  =—12°  21' 
1896.480  334.6         1.56 

.521  332.9         1.56 


1896.500  333.8         1.56 

slow  direct  motion  iii  angle. 

2:2614     o\o  o\7 

a  =  19"  12'"  30s  ,  8  =  +SSC  10' 

1896.581  234.7         1.62 

.587  235.7         1.58 

.601  236.0         1.64 


1896.590 


235.5 


1.61 


1896.664 


324.9       37.30 


The  only  measures  since  -  are 
by  A  in  1869.  The  precession 
since  2's  measure  is  — 10°,  while 
the  motion  is  — 18°. 

,3653     4". 5    13M.0    13". 0 
a  =  19"  29™  10-  ,  8  =  +7°  11' 

A  and  B, 
1896.494  278.5      26.67 

.400  278.0       26.45 


1896.496  278.2  26.56 

A  and  C. 

1896.494  288.9  26.68 

.400  289.1  26.47 


1896.496  289.0       26.58 

Considerable  change  since  the 
first  measures  of  /3  in  187s,  prob- 
ably due  to  proper  motion  of  A. 

,8  655     8M.0    8M.9   8\2 

a  =  19"  30"'  2s  ,  8  =  +63    7' 
A  and  B. 
1896.565  288.7       23.67 

.581  288.6       23.83 


1896.573  288.6 

A  and  C. 
1896.565  l'75.7 


23.75 


50.56 


581 


274.7       50.68 


1896.573  L'7.5.L'       50.62 

These   stars  make  2  2.",49.     C 
i>  a  close  pair. 

22553    8«.0    8M.S 

a  =  191'  32'"  4s  ,  8  =  +01°  50' 

1896.5L'7  97.0         0.96 

.51:;  oo.o        0.88 

.587  100.1          0.86 


1896.552  os. 7         coo 

A  change  of  about  20°  in  angle 
since  2. 


22564    8M.2    8".8 

a  =  19"  30'"  2-  ,8=4  63     36' 

1896.513    169°8   9.84 
.518    171.::   0.02 


L896.516 


170.6 


o.ss 


I  lhange  in  angle  and  distance, 

ami  probablj  rectilinear  motion. 
,3  829    8a.0     8M.7 

a  =  19"  44'"  I-  ,   6-  +5°  30' 

1896.499  •"in.::  0.74 

.538  :;io.o  0.64 

.554  305.6  0.72 

.57  1  307.4  0.77 


1896.541    308.6    0.72 

Motion,  if  any,  verj  slow. 

22615    7".:;    0M.c, 

a  =  19"5Sm10B  ,  8  =  +8°  7' 
1896.464  316.6 

.480  316.9       10.35 

.  101  318.0       10.23 

.10  1  317.3      10.18 


1896.482  317.2       10.25 

Slow   retrograde  motion.     No 
measures  since  1S7S. 

,3  56     8».0     8".9 

a  =  19"  59'"  50*  ,  8  =  —4°  30' 

1896.494  167.0         1.55 

.400  165.2         1.55 

.573  164.9         1.54 


1896.522 


165.7 


1.55 


Probably  no    sensible  change 
since  1S75. 

2  2649     7M.S     8M.9 

a  =  20"  8'"  22^  ,   8  =  +31-  40' 

1896.540  151.8      24.13 

.570  151.7       24.18 


1896.560  151. s       24.16 

Distance  slowly  decreasing. 

S3S0    o-Caprie.    6*0    S".8 

a  =  20"  13'"  3SS  ,  8  =  —19°  26' 

1896.625    177.8   55.70 

.650    178.1   55.71 

.661    177.8   55.81 


1896.645 


177.0   55.74 


Hi  kmiiei,  made  the  distance 
50".  12  in  17S2.  The  above  results 
arc  identical  with  the  measures 
of  §  in  1881. 

,3  664     7M.5     12M.2 

a  =  20"  19'"  30s  ,   8  =  +5°  11' 

1896.661  286.3 

.750  287.6         8.76 


02413    A  Cygni  5",".  6".5 

a  =  20''  I:;1-  ;;i  ,8=  +36  7 

1896.491  <',:,. n 

.101  64.0  0.58 

.543  ''I  6  o.Ti 

.570  61, S  0.57 

.765  61.5 


1896.574 


62.8 


0.62 


I'.I'.L.      S\S       llC'.O 
a  =  20h48m38"  ,  8  =  —11°  IS' 
1896.573  287.7         1.21 

.587  296.0         1.21 


1896.580  291.8         1.21 

This  star  is  Lamon!  3427. 

2L'71C  7M.8     8".5 

a  =  20''  58m0    ,   0        +38°  52' 

L896.499  295.2         1.02 

.X\s  291.6         1.13 

.51.",  296.3         l.io 


1896.527  294.4 

Slow  motion  in  angle 


1.' 


Nova     9".0     lo\C 
20h58ra  12-  .  8  =  +3S°  50' 

1896.538  loi.:;  2.01 

.57;;  193.5  2.78 

.5s:  193.0  2.12 

.col  190.6  2.50 


1896.575 


192.8 


2.35 


This  star  follows  2  2740  11\9, 
and  is  south  1'  30 ". 


22759     smi     8".8 

a  =  21"  2'"  19s  ,   8  =  +32°  3' 

1896.40  1  324.4       16.04 

.538  324.3       16.07 


1896.516 


324.4       16.06 


1896.710 


287.0         8.76 


Distance  increasing.    Only  two 
measures  since  1830. 


,3838     85r.O     9M.9 

u  =  21"  l.V"  52"  .  8  =  +2°  42' 

1896.573  00.1         1.83 

.661  97.3         1.47 

.750  00,s         1.67 


1896.664  os. 7 

slow  angular  motion, 


1.66 


H281     8".7     9". 2 
a  =  21"  16'"  24'  ,   8  =  +16°  19' 

1896.540  334.3       14.12 

.573  335.7       13.99 

.768  335.9       14.14 

L896.627  335.3      14.08 

II.  made  the  distances  17".52 
in  1829,  and  the  cin.  observers 
13".  51 1  in  1879.  No  other  measures 


ISO 
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S790     6*.0     10*.5    9»J 

a  =  21"  21"'  42'  ,   8  =  +86     1  I 
.•1  and  B. 

L896.598  --."1 

.625  30.5       32.73 

1S96.612  30.2  32.87 

A  and  ' '. 

L896.598  97.9  54  I  1 

98.4  53.68 

1896.612  98.2       53.90 

Careful   search   was    made   in 

this  neighborhood,  imt  no  other 

double  star  found.    South  found 

21     258  .6     10'.80    2  m. 

No  other  measures. 

.£2799    6".6    6*.8 

a  =  21"  24'"  Is  ,  8  =  +10°  39' 

1890.-l;i  t  118.1         1.65 

.499  121.6        1.47 

.538  L20.2        1.60 

1896.510  L20.0         1.57 

Angular  movement  of  30°  since 

l.s;i0.      M;u>  eijual  in  2. 

H3040     6*.0    9*0 

a  =  21"  Slm  20"  .  8  =  —19   55' 

L896.623  47.2       68.44 

.650  48.1       68.48 

.655  47.5       68.59 

1896.643  47.6       68.50 

No   change  according  to   the 
measures  of  /3  in  1881. 

F.l'.L.      Su.5      9*8 
a  =  21"  38™  8s  ,  8  =  — 11    35' 
1896.001  270.4         1.31 

.655  272.6 

.784  271.9         1.09 

1S96.680  273.6         L20 

This  star  is  Lamont  3735. 


£2825     7".8     8*.3 

a  =  21"  41""  47'  ,  8  =  +ii    23' 

L896.499         113°0        0*84 
.538  lli.o         L.07 

543  11:;:         l.o:; 

1890..--:         n.'i.s       n.'.is 

Slow  angular  movement. 
2  .si's    8*.l     9*.0 

o  =  21"  44'"  27s  ,  8=  +2    55' 

.1  and  /.'. 
L896.540  111.1       27.54 

.631  142.5      26.95 

.644  III.:.       27.14 


L896.605  111.7       27.21 

1  listance  increasing.  No  change 
in  BC. 


,3  75 

a  =  21"  50" 

1896.655 
.661 
.759 


smi     8H.2 

39"  .  8  =  +10°  25' 
38.0  1.06 
37.4  1.20 
38.0         1.26 


LS90.092 


37.8 


i.i; 


S  800     6*2     7M.2 
a  =  21b  50'"  55"  ,  8  =  +62°  9' 

1896.538  146.0      62.91 
.540  145.4       62.76 

1896.539  145.7       62.84 

No  other  measures  since  1824. 
Apparently  fixed. 

SS0S     8*.0     9*.0 
a  =  22h  20m21s  ,  8  =  —20°  45' 
1896.543  151.5         6.86 

.631  150.1         6.76 

1S96.587  150.8         (UJI 

No  other  measures  since  1825. 
Probably  unchanged. 


0709     8*3     9*.4 

a  =  22h30"'2S-  ,  8  =  --3°  •">' 

1896.784  £.6        2*20 

.814  7.2         2.00 

.822  4.3         1.92 


1S96.MI7 

5  1          2.(11 

02  177 

7*3    11*0 

a       22h  39" 

5    .  o  =  +45°  30' 

1896.631 

191.2        4.55 

.784 

185.5         4.20 

.814 

194.4           1.55 

1896.743  190.4         4.45 

Decided  change.     Distance  in 

1846,  '.."..in.  Motion  appears  to  be 

rectilinear. 

H301  iPegasi    4*0    12*.3 

22"  41'"  42'  .    8  =  +11    89' 

1896.631  110.1       12.24 

.661  111.7       12.35 

.822  109.8 

1890.705  110.5       12.30 

The  companion  has  same  proper 
motion  as  the  large  star. 

02530     

a  =  22"  .->3'"  29"  ,  8  =  +8°  49' 
1896.540  15S.2         0.43 

.543  182.8         0.30 

.565  170.4         0.29 


1890.549 


170.5 


0.36 


H1842  fiPerjasi  3*.7  10M.6 

a  =  22"  58"' 54'  ,   8  =  +27    32' 

1896.631  208.5     103.04 

.655  209.6     102.81 

.768  209.4     102.76 

1896.685  209.2     102.87 

The  only  other  measure  of  this 
is  by  jS  in  1879,  when  the  dis- 
tance was  98". 3S.  The  change  is 
due  to  the  proper  motion  of  the 
large  star. 


02  189  tt  Cephei   5».8  7*.8 

a  =23"  5"'  19"  ,   8  =  +74°  50' 

1890.751     32°9    o.so 
.822     38.6    1.01 

1896.786     35.8    0.90 

Probably  binary,  but  motion 
very  slow . 

H5394  96Aqua.  5*.2  10*.5 

a  =  23"  14'"  12»  ,  8  =  —5°  40' 

1896.769  21.5      10.53 

.70s  21.3      10.05 

.771  21.1       10.52 

1896.766  2L3       10.57 

Very  little  relative  change,  and 
the  proper  motion  of  A  appears 
to  belong  to  li. 

0720   72 Pegasi    6*0    6*5 

a  =  23"  29'"  0"  ,  8  =  +30°  47' 

1896.565  167.0         0.39 

.631  146.5         0.40 

.809  157.4         0.38 


1896.668 


157.0 


0.39 


The    angular    motion    is    30° 
since  1878. 

Hf,204     8M.0     9*9 
a  =  23"  47"'  9s  ,  8  =  +28°  2' 
1896.759  355.9         5.90 

.784  355.8         5.91 

.790  356.9         5. 7'.  I 


1896.778 


356.2         5.87 


Sh.  358     7M.8     8".9 
a  =  23"  49™  13'  ,  8  =  +31°  21' 
1896.811  329.5       37.59 

.814  328.9       37.35 


1890.812 


329.2       37.47 


The  only  measures  since  1822 
are  by  /3  in  1881.    Probably  fixed. 


MICROMETRICAL   MEASURES   OF   F.  70  OPHIUCHI,   WITH   REMARKS   OX   THE 
PERTURBATION   OF   THE   SYSTEM, 

By  T.  J.  J.  SEE. 
The  following  mierometrical  measures  of  F.  70  Ophiuchi 


have  been  secured  with,  the  24-inch  Refractor : 
.  I B : 


No.  of 

$o 

Po    M 

cr.  Settings 

1897 

.381 

284  I 

2.00 

6-6 

1897.383 

283.0 

2.10 

6-6 

1897 

.386 

282.6 

1.96 

6-6 

1897 

.427 

282.8 

2.04 

4-4 

1897 

.430 

283.4 

2.09 

4-5 

1897 

.403 

283.0 

1.94 

6-6 

1897 

.415 

283.15 

2.022 

6«  >i  a 

1897.425 
1897.427 
1897.430 
1897.463 


in: 


206.3 

206.1 
206.1 
206.1 


P 

53+9 
53.36 

53.30 
53.25 


No.  of 
Micr.  Settings 


8-7 
8-8 
4-8 
8-8 


1897.430 

206.15 
AB: 

53.35 

4«  £ 

1897.381 

283.6 

2.18 

6-6 

1897.383 

283.3 

2.17 

3-3 

1S97.3S6 

283.0 

2.05 

6-6 

1897.  130 

2S3.0 

1.98 

4-4 

1897.395 


283.22       2.095       4ra  Cogshall 
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The  power  used  in  taking  the  measures  was  750,  but  in 
examining  the  stars  J  applied  powers  of  1000  and  1500 
respectively.  On  several  of  the  nights  the  seeing  was  mosl 
excellent,  and  on  one  occasion  (May  20)  under  a  power  of 
1500  I  counted  at  least  a  dozen  diffraction  fringes  almost 
perfect  and  motionless.  The  images  were  perfectly  round 
under  the  highest  powers. 

Like  the  measures  made  at  Greenwich  by  the  courtesy 
of  the  Astronomer  Royal,  and  elsewhere,  these  results  con- 
firm the  perturbation  discussed  in  A.J.  3G3.  In  accordance 
with  my  previous  investigations,  Mr.  Eric  Doolittle's 
careful  discussion  in  A.J.,  no.  400,  shows  that  no  possible 
orbit  will  reconcile  both  angles  and  distances,  and  all  such 
attempts  in  the  future  had  as  well  be  abandoned.  It  is 
important  that  the  system  should  be  followed  by  many 
observers,  in  order  that  measurement  alone  may  determine 
just  what  changes  are  taking  place.  I  have  measured  the 
component  C  in  order  to  furnish  material  for  a  future 
determination  of  the  center  of  gravity  of  the  system 
Lowell  Observatory,  Flagstaff,  Arizona,  1897  June  22. 


(Researches  on  the  Evolution  of  the  Stellar  Systems,  Vol.  1. 
p.  255). 

The  system  .//.'  has  no  physical  connection  with  the 
star  C,  and  as  its  orbital  motion  now  amounts  to  about  lo 
per  year,  good  annual  measures  for  about  five  years  would 
probably  give  a  very  satisfactory  determination  of  the  rela- 
tive  masses.  The  following  measures  of  AC  have  been 
obtained  by  previous  observers: 


t 
1856.63 

6"o 

2154 

Po 

87^57 

1// 

Secchi 

1878.84 

197.8 

71.38 

3« 

Hall 

1882.79 

197.8 

65.60 

2m 

Hall 

1886.52 

200.4 

62.50 

:;« 

Hall 

1889.30 

203.3 

59.45 

'In 

l'.urnham 

Buhkham  has  shown  (Pub.  Lick  Obs.,  II.  100)  that  the 
system  has  a  proper  motion  of  about  1".2  in  the  direction 
172°,  and  hence  the  position  of  C  is  becoming  each  war 
more  favorable  for  this  investigation.  The  minimum  dis- 
tance of  about  30"  will  be  reached  within  40  years. 


OBSERVATIONS   OF  MINOR   PLANETS, 

MADE     AT    THE     VASSAK     COLLEGE    OBSERVATORY,     POUGHKEEPSIE,     N.  Y. 

By  MARY  W.  WHITNEY  and  CAROLINE  E.  FURNESS. 


1S97 

Greenwich  M.T. 

* 

No. 

Planet  —  >f: 

Planet's 

Apparent 

lOf 

'P 

Obs. 

Comp. 

z/a         |        z/S 

a 

1    '       8 

tor  a 

j     for  8 

(362)  1S93  B. 

Mai- 

10 

h 

14  15 

n       s 

49 

1 

11 

+  1 

7.75 

+  7  16.1 

1 

11 

14 

55.68 

+14°    4 

14.S 

&9.463 

0.647 

W 

21 

16  49 

12 

2 

10 

+  0 

45.60 

-2     2.6 

11 

4 

38.75 

+  14  28 

16.9 

8.984 

0.608 

w 

28 

16  51 

26 

3 

10 

+  0 

29.11 

+  6  16.9 

10 

59 

1.78 

+  14  33 

31.0 

9.214 

0.614 

w 

(303)  Josephina. 

Mar 

10 

IS  14 

4 

4 

10 

—  0 

55.70 

+  8  33.5 

12 

9 

11.40 

-  3  42 

51.8 

1    8.699 

0.797 

F 

28 

19     0 

46 

5 

s 

+1 

5.31 

+  0  10.7 

11 

55 

6.09 

-   2  44 

57.3 

9.448 

0.785 

F 

29 

13  43 

48 

5 

9 

+  0 

29.69 

+  2  54.0 

11 

54 

30.47 

—   2  42 

20.1 

^9.442 

0.785 

F 

(190)  Ismene. 

Mar 

2S 

17  44 

37 

6 

10 

+  0 

25.90 

-2  13.6 

11 

56 

58.69 

1   +   13 

48.1 

9.177 

0.759 

F 

29 

13  25 

45 

6 

11 

_0 

2.38 

+  2     2.3 

11 

56 

30.41 

+   1     8 

4.0 

M9.486 

0.760 

F 

Apjr. 

1 

15  38 

34 

' 

8 

+  1 

15. 69 

-2  5S.7 

11 

54 

45.08 

+   1  23 

22.4 

nS.742 

0.755 

F 

(324)  Bamberga. 

Mar 

28 

18  22 

30 

8 

11 

+  0 

8.54 

—  2  42.2 

12 

6 

51.96 

-11  18 

35.0 

9.309 

0.839 

W 

29 

15  49 

37 

8 

6 

-0 

37.03 

+  0  53.9 

12 

6 

6.39 

-11  14 

59.0 

h.8.902 

os-ii; 

W 

30 

15  36 

28 

8 

10 

-1 

27.39 

+  4  55.6 

12 

5 

16.03 

-11  10 

57.3 

»8.982 

0.845 

w 

(123)  Brunhild. 

Mar. 

31 

15  56 

15 

9 

10 

+  0 

16.88 

+  9  51.2  1    12 

40 

16.18 

-14     6 

23.8 

»9.079 

0.859 

F 

Apr. 

1 

16  11 

29 

10 

8 

+  0 

40.16 

-o  49.0      12 

39 

22.93 

-14     1 

51.1 

w8.902 

0.861 

F 

o 

14  59 

9 

10      : 

11 

—  0 

9.97 

+  3  34.4  |    12 

38 

32.80 

-13  57 

27.8 

?;9.315 

0.851 

F 

(146)  Lucina. 

Apr. 

20 

15  59 

44 

11 

8 

+  0 

51.84 

-3  14.7 

14 

12 

55.71 

+   5  12 

6.1 

»9.129 

0.721 

W 

21 

14  31 

49 

11 

13 

+  0 

0.35 

-1  51.0 

14 

12 

4.23 

+   5  13 

29.9 

»9.441 

0.729 

W 

28 

16  14 

55 

12 

8 

+  1 

18.26 

-8  47.6 

14 

5 

36.45 

+  5  18 

1.4 

«8.509 

0.718 

W 
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Mean    Places  for  1897.0  of  Comparison- Stars. 


Red.  i" 

Red.  to 

* 

a 

app.  place 

8 

app.  place 

1 

11    l:;    15JL3 

+  13  7.7 

13.7 

15.0 

l    2918  ■  <■'  i     [I,  959  :  Schj.  H08 

2 

11     3  50.32 

+  i  |  30 

33.5 

14.0 

Bonn  VI,    -11  '2350 

;; 

10  58 

+  14  27 

27.6 

-13.5 

DM.  4  1  l  2337  eomp.micr.  with  Paris  13,536 

1 

L2   10     1.53 

+2.57 

-  3  7.1 

-17.0 

J  (Munich  1,  7811+Munich  11.  1353) 

5 

1 1   53  58.06 

+  2.72 
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•  Cambridge,  Mass.;  8  observations. 


MAXIMUM    OF   2815   U  OEMINORUM, 

\\\   .!.   A.   PARKHTJRST. 


.1.  Q.  II  lgi  m's  prediction,  in  A.J.  no.  100,  thai   the 

June  maximum  of  this  star  could  nol  be  observed,  lei 

to  make  extra  effort  to  see  it.     After  looking  for  i1  every 

clear  evening  in  May,  1  found  it  bright  June  7.     To  make 

Lentification  certain,  7>  observations   were    made  be- 

15    0   ,  Gr.  M.T.     The  magnitude  found 

Marengo,   Til.,   1897  June  15. 


from  thi   comparisons  was  9.6, 1  as  th< mparison-stars 

down  to  IP'.:1.  1'.  \m  M.i  1. 1.'  ,  were  seen,  ]   have  no 

doubt  of  the  realitj  of  the  maximum,  in  spite  oi   bin 
altitude  and  bright  twilight.     June  11  the  variable  could 
not  be  seen,  the  limit  being  about  10*  on  the  >.i\u>-  scale. 


OBSERVATIONS   OF   COMET   1896  VI  (=  1889  V), 


MADE   at   hip:   LICK   OBSERVATORY   OF  THE   UNIVERSITY 

I'.v  WILLI  \.M    J.   HUSSET. 


IF    i  ALII  ..l:MA. 
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Mean   Places  for  1896.0  and  ls'.),.0  of  Comparison- Stars. 


* 

Red.  to 

a 

;il >1  •_  place 

8 

app.  place 

i  n".2 

Authority 

26 

22     8  30.26 

+  C.22 

-16 

ii    l.i 

I'M.      10  6044,  Tucker,  Merid. Circle Obs. 

(2) 

27 

22     7    10.29 

+  1, 1 8 

-16 

28     8.7 

+  17.0 

Weiss's  Argelander  1  7175 

28 

22     9     (>.  11' 

+  1.18 

-16 

L9  28.2 

+  17.2 

Gould,  A.G.  Catal.  30392 

29 

22     8  .V'.. 7 

+4.15 

-16 

5.1 

+  17.1 

DM.      L6°6045 

30 

22   19  34.15 

+  3.96 

-13 

31    17.9 

+  17.7 

Y;in,;ill     l+isl.v    KUll 

31 

22  20  36.33 

+  3.95 

-13 

10    I7.D 

+  17.8 

Weisse's  Bessel  22h388 

32 

22  21   55.75 

+  3.90 

-12 

48     2.5 

+  17.S 

Schjellerup  9181 

33 

22  22     8.81 

+  3.89 

-12 

48    17.1 

+  17.6 
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:;i 

22  24  41.34 
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-12 
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+  17.0 

1 1"  connected  with  s|e32 

35 
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+3.62 

-  6 

34  13.8 

+  20.4 
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36 

23     5  16.53 

+  3.63 

-  6 

.",1   28.0 

+  20.7 

Stone,  Radcliffe  Catal.  6198 

37 

23  11     0.28 

+3.64 

-  5 

11   32.3 

+  11.:; 

Stone,  Radcliffe  Catal.  6237 

38 

23  11   59.14 

+3.62 

—   5 

35  21.3 

+  21.2 

1>M.      5°5962,  connected  with  *37 

39 

23    19  22.82 

+  0.43 

+  0 

11    57.1 

+  3.0 

Schjellerup  991  1 

40 

23  58  22.37 

+  0.46 

+   1 

ii    14.9 

+   3.4 

Srarnall-Fnsby  L0926 

41 

23  59  29.94 

+  0.47 

+  0 

57   51.1 

+   3.4 

'i  arnall-Frisby  L0934 

42 

1   38   L9.06 

+  0.39 

+  12 

53  59.1 

+  6.3 

14"  connected  with  ^c4."» 

43 

1  38  2G.27 

+  0.39 

+  12 

5(3  51.9 

+  6.3 

B.B.VL  +12°221 

The  above  observations  are  a  continuation  of  the  series  published 
in  A.J.  881  and  388.  The  observations  of  Oct.  6,  9  and  28  were 
made  with  the  12-inch,  and  the  others  with  the  36-inch  telescope. 
d  indicates  that  Ju  and  J<S  were  measured  directly  with  the  microm- 
eter; in  other  cases  they  were  obtained  by  transits.  The  observa- 
tions of  Oct.  7  were  made  under  exceptionally  favorable  circumstances, 
and  are  entitled  to  great  weight.  Professor  Tuckek  has  kindly  de- 
termined the  position  of  the  comparison-star  for  this  date  with  the 
meridian-circle.  The  positions  of  s^Sl,  as  given  by  Weisse's  Bes- 
sel and  Santini,  differ  considerably.  A  meridian-circle  determina- 
tion of  the  position  of  5)c38  is  desirable.  The  declination  of  >(c:','.i  as 
given  by  Weisse's  Bessel  is  I'  too  large.  J«  for  the  observation  of 
Sept.  5  (A.J.  388)  should  read  +lm  27s.39.  In  reducing  the  obser- 
vations  the  values  of  one  revolution  of  the  micrometer-screws  have 
been  taken  as  follows:  H'.o.v.i  for  the  12-inch,  and  9". 907 for  the 
36-inch  telescope.    From  transits  of  circumpolar  stars  I  have  obtained 

Llrl-  Observatory,  University  of  Calif ornia,  bs'.*7  May  20. 


for  the  latter  9".912,  and  in  the  same  « a\  Professor  Aitken  has  ob- 
tained 14". out)  for  the  former.  Since  the  differences  are  too  slight  to 
influence  the  results  appreciably  I  have  preferred  to  use  the  old 
values  as  determined  by  BARS  ii:i>  and  BURSTHAM. 

In  July.  August,  September  and  October,  I  searched  carefully,  at 
every  opportunity,  for  the  companions  which  accompanied  this 
comet  in  1889,  without  success.  To  aid  in  the  search  I  computed  an 
epbemeris  for  the  companion  Cfrom  elements  obtained  by  applying 
the  differences  between  the  elements  of  the  components  A  and  C  in 
1889  (.4.  J.  X,  153, 161),  to  Bauschingeb's  elements  of  A  with  the 
perturbations  as  brought  up  to  1890  by  Poon,  and  finally  corrected 
forthe  difference  between  the  observed  and  computed  places  of  A. 
In  the  course  of  this  search  many  faint,  uncatalogued  nebulas  were 
seen;  they  were  especially  numerous  in  the  region  through  which 
the  comet  passed  in  September  and  October. 


SUXSPOT   OBSEE  VAT IO  X S, 

MAPI:    AT    BERWYN,    PENS'.,    WITH    A    -li-IMTI    REFRACTOR, 

By  A.  W.  QUIMBY. 
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COMET  a  1897  =  IT  ARREST'S  PERIODIC   COMET. 

A    telegram   from    Professor  Bolden  announces    the   rediscovery  of   this   comet   by  Pereine    on  June  28  in  the 
position, 

1897  June  28.9764  Gr.  M.T.         a  =  2h  lm  24\6,         8  =   +G°  13'  31" 
thus  showing  tin'  correction  to  Mr.  Leveau's  ephemeris,  A.J.  394,  to  be 

Ju  =    -3'"  57s     ,     z/8  =   -4'.3. 


COEEIGENDA. 


Xo.  388,  p.   28,  in  8  of  nebula  28,    for    20"    i<ut    36°. 
\...  in."..  [..  164,  col.  l.  line 35,    for    constants    (nit    octants. 
L66,  col.  1,  bottom  line,  for  zero-equator  put  zero-ecliptic. 


X.i.  405,  p.  166,  insert  seconds-mark  s  at  top  of  col.  "ns"  of  table. 
"      "     "  167,  col.  2,  line  24,    for    £    put    £  . 


COX  T  E X  T  S  . 
Mi  \-i  in-  of  I  * « >  i  mi   Stabs,  bi    Prof.  F.  P.  Leavenworth. 

_Mii  ROM]   i  in.    \  I.    Ml    \-i  in  -   ••!     F.  70  OPHI1  I  ill.    WITH    REMARKS   OH    Till-;   PERT1  RBATION    01     i  n  I    SYSTEM,    11 Y   Dlt  T.  J.  .1.  Si:  I 

Observations  of  Minob  Planets,  r.\    Prof,  Mari   W.  Whhm.v  am.  Miss  Caroline  E.  Fubness. 
M  vximi  m  ..i    2815  D  i.i.iiiMuii-M,   i;v   Mr.  .1.   A.    PARKHURST. 
Observations  oi    Comri    1896  VI  (=  1880  V),   bi    Prof..  William  J.  Hussey. 
Si  N-r.n   Obsi  i:\  ltions,   \-\    Rev.  a.  W.  Qi  imby. 
1891  =  D' Arrest's  Periodh    ' 
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OBSERVED   PLACES  OF  310  EPHEMERIS-STARS, 

By  R.  II.  TUCKER. 


This  list  contains  all  of  the  stars  of  the  various  Ephem- 
erides,  which  are  not  in  the  Berliner  Jahrbuch  down  to 
—40°  declination.  They  have  been  reduced,  with  a  list 
of  B.J.  equatorial  stars  as  fundamental.  The  observed 
places  of  these  fundamental  stars,  as  well  as  B.J.  circum- 
polars,  and  zenith-stars  from  the  same,  are  included  in  the 
list.  The  place  of  any  one  of  the  B.J.  stars,  however,  is 
essentially  independent  of  its  use  in  the  determination  of 
the  constants  of  reduction. 

Without  entering  here  upon  any  discussion  of  the  differ- 
ent systems,  the  places  of  the  list  should  be  an  approach 
towards  uniformity  ;  which  is  a  prime  requisite  in  the  use 
of  an  extended  list  of  stars.  The  observed  places  may  be 
reduced  to  a  more  nearly  perfect  system,  by  the  direct 
application  of  final  corrections  to  the  fundamental  stars, 
when  these  corrections  shall  have  been  derived. 

In  the  meantime  these  places  should  facilitate  the  in- 
vestigation of  accidental  errors ;  the  existence  of  which  is 
evident  from  comparison  of  the  ephemeris  differences. 

In  the  observation  of  B.  J.  stars,  such  were  included  as 
were  required  for  the  derivation  of  constants  of  reduction, 
without  aiming  to  secure  uniformity  either  in  number  or 
distribution  of  observations  ;  in  general  eight  fundamentals 
and  six  azimuth-stars  were  obtained  for  a  night  of  four 
hours.  The  stars  not  in  B.J.  have  been  observed  4  times 
in  each  position  of  the  instrument,  fixed  circle  east  and 
west;  and  those  above  70°  declination  have  been  similarly 
observed  at  each  culmination,  16  times  in  all.  Abut  3800 
full  determinations  are  here  included. 

The  correction  for  proper  motion  has  been  applied  in 
deducing  the  results  of  the  following  list.  The  value  has 
been  taken  from  the  first  of  the  authorities  cited.  The 
mean  epoch  of  observation  of  the  list  is  1895.1  ;  and  the 
epoch  for  any  star  will  rarely  differ  a  year  from  the  epoch 
of  reduction,  1895.0.  It  is  not  likely  that  any  essential 
changes  would  be  introduced  by  the  use  of  other  values  of 
proper  motion. 

Some  preliminary  discussion  of  the  results  of  this  series 
has  been  given  in  A.J.  391  and  398,  to  which  reference  may 


be  made.  It  was  then  anticipated  that  full  results  ami 
details  would  soon  be  published. 

Circumstances  beyond  the  control  of  the  Observatory 
have  rendered  it  probable  that  publication  will  be  very 
much  delayed.  And  it  appears  to  be  proper  that  the  places 
should  be  presented  now  for  use  in  the  meantime. 

For  convenience  in  the  discussion  of  systematic  differ- 
ences the  results  of  the  comparison  of  the  ephemeris-places 
of  the  86  equatorial  stars,  actually  employed  as  funda- 
mental, are  reviewed  here. 

Ephemeris-Differf.nces  :     Fundamental  Staks. 

Ja  Jo 


/;../.  -  a.e. 

-0.026 

+  0.05 

50  stars 

B.J.  -  C.T. 

+  0.015 

-0.22 

53     " 

B.  J.  -  N.A. 

+  0.021 

+  0.18 

57     " 

B.J.  -303 

0.000 

-0.51 

49     «     (-2°) 

e  difference  for 

25  Monocerotis 

R.A.)  No 

96  of  the  List,  has 

not  been  included. 

With  the  above,  it  will  be  profitable  to  compare  the  mean 
differences  between  the  observed  and  ephemeris  places  for 
157  stars  which  are  not  in  B.J. 


Mean 

Difference : 

Observed  —  Ephemeris. 

Ja 

JS 

Obs.  -  A.  E. 

-0.028 

secS  +0.02 

67  stars 

Obs.  -  C.  T. 

+  0.016 

»      -0.24 

86     « 

Obs.  -  N.  A. 

+  0.008 

»      +H.02 

19     " 

Obs.-  N.A. 

1897   +0.025 

"      -0.71 

24     "  (-30°) 

Obs.  -  303 

+  0.013 

"      -0.75 

11     «(-14°) 

The  followin 

t  differences  have  been  excluded  from  the  means  : 

A.E. 
C.  T. 
N.A. 
N.A.  1897 

7r  Hydrae 
23  Com.  Ber. 

{Argus 
7t  1  Orionis 

(Decl.)         No. 

(R.A.)         No. 

(Decl.)        No. 

R.A.  Decl.)    No. 

106  of  the  List 
150 
103 
57 

These  two  comparisons  may  serve  as  an  indication  of  the 
consistency  of  each  ephemeris  with  its  zone  of  equatorial 
stars;  and  of  the  extension,  by  this  series  of  observations, 
of  the  B.  J.  system  to  the  limits  included. 

The  scheme  of  observing  the  ephemeris-stars,  not  in 
B.J.,  was  undertaken  at  Dr.  Holden's  request. 
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Ephemeris  Comparison.        Obs.  —  Eph. 


Decl.  1895.0 


Obs, 


a.  J. 


-Y.  .1. 


C.  T. 


y  Pegasi 
I)  Aiulrom. 
1 1  Piscium 
l2Ceti 
L3Ceti 

I'm/.  130 
21  Cassiopeae 

Piaz.  is'.' 

i-  Ainlrnm. 
fi  Andxom. 

,<  Sculptoris 

13  B.Cephei 

e  Piscium 

fi  Cassiopeae 

fi  Aiulrom. 
f  Piscium 

','MYti 

a  I'rs.  mill. 
38  Cassiopeae 
40  Cassiopeae 

u  Aiulrom. 
77  Piscium 
i  Piscium 

$  Piscium 
">i»  (  assiopeae 
£,  Ceti 
Ceti* 
c.  Ceti 
36  1 1.  Cass. 
Tiaz.123 

8  Ceti 

(3  Fomacis 

o-  Arietis 

>;  Eridani 
17  H.( 

t  Arietis 

a  Ceti 
r  3  F.riilaiii 

p  Persei 
48  H. Cephei 

£  Arietis 
u  Tauri 
t  Eridani 
5  11.  Cam. 
;:  Persei 
v  Tauri 
4,  Tauri 

Gr.750 

o,  Eridani 

■lani 

v,  Eridani 
»/  Eridani 

rsei 
v  Eridani 

Or.  848 


0  7  19.666 
1.  50.416 
L'ii  L.189 
24  10.812 

29  50.590 
31  57.121 

38  I --'.sic 
12  52.462 

1 1  1  297 
50  55.407 

53  32.822 

54  -.•I.e.] '.i 

57  29.573 

1  1  If,.  ;is:, 
::  51.054 

12  22.907 

18  46.486 
L'n  29.389 
23  24.863 
80    7.40 

30  37.953 

31  31.849 
;;.-,  57.981 
48  7.128 
54  27.959 

2  7  25.005 

14  2.516 
22  34.517 

28    2.911 

30  19.347 

34  5.976 
II  ll.snl 
I",  H.673 
.V,  L7.837 

52  7.669 

53  12.381 

56  17.412 
."7  4 -~> . 7 ' '. 4 

58  26.787 

3  6  59.910 

8  51.871 

19  9.692 
27  59.008 

39  16.405 
52    '.Mill 

57  .*;  MM 

58  29.170 
I    3  39.151 

6  14.345 
10  26.330 

13  55.257 

20  5.507 
26    1.548 

31  4.331 
34  12.231 


+  14 
+36 

+   1 

-  4 

-  4 
-25 
+  74 
+  4 
4  40 
+37 


:;:,  58.87 
12  11.20 
21  20.10 
32  L5.41 

10  1 5. 1 7 
20  42.92 
.1  50.42 

1 1  26.50 
30  24.92 
55  io. oo 


29  55 

f  85  1 1 
+  7  19 
+  .-,4  24 

+35  ••; 

+  33 
-  S  43 
+  88  II 
+69  43 

+  72  30 


30.76 
37.23 

20.20 
RS.OO 
49.94 
U.26 
31.46 
52.46 
20. OS 
16.66 


+  40 
+  11 
+  4 
+  2 
+  71 
+  8 
-  3 
+  7 
+  72 
+  6 


.-,2  18.53 
36  15.02 
57  21.97 
40  8.80 
:,l  16.24 
21  14.23 
27  10.00 
59  21.31 
21  31.11 
23  7.98 


-07 
-32  50 
+  14  3S 

-  9  18 
+  79  0 
+  20  55 
+  3  40 

—  24  2 
+  38  26 
+  77  20 


28.53 

50.17 
57.15 
58.71 
12.28 
12.51 
39.70 
11.15 
0.02 
54.72 


+  20 
+  8 

-  9 
+  71 
+  35 
+  5 
+  21 
+  85 

-  7 


39  18.41 
39  32.96 
48  50.13 

o  L'9.53 
29  20.06 
41  52.18 
17  ll.i'O 
10  39.82 

6  41.ss 
48  59.31 


-34  318.12 
-34  15  39.57 
+  11'  50  21.41 
-  3  34    2.65 

+  75   II  57.75 


12 


-0.029  -0.30 

+0.005  -o.l  I 

-0.003      o.oo 

0.129  -0.92 


-0.028  -0.22 
+  0.003  -0.30 


-0.090  -0.38 


_0.006  -0.59 
-0.416  -0.19 


+0.004  —0.22 


-0.042  -0.29 

0.121  +0.40 

1-0.014  -0.28 

-I- o.o IS  -0.02 


+0.313  -0.39 

-0.009  -0.96 


+  0.035  —0.21 
0.012  +0.07 

-0.098  +0.42 
-0.004  +0.01 
+  0.011  -0.62 
O.0S5  -0.22 
+  0.024  +0.06 


H0.012  +0.07 

+  0.051    +0.01 


+  0.05  -0.3 


+  0.027  +0.39 
-0.022  -0.17 


+0.058  -0.47 
+  0.768  -0.21 


-0.098  -0.73 
.0.064  -1.24 
+  0.027  -0.26  -0.020  -0.27 
-0.015  +0.27 
0.095  -0.46  +0.033  -0.84 
-0.064  -0.14 
+  0.059  +0.39 
-0.002  -0.13 
-0.187  -0.22 


+  0.O51  —0.2 


-0.034  +0.64 


-0.003  -0.28 
-0.201  -0.04 


+  0.058  +0.27 


—0.001  +0.28 

+  0.227  -0.04 


-0.033  +0.06 
+0.047  +0.55 

+  0.092  -0.08 
-0.009  +0.56 
-0.038  +0.63 

+  0.002  +0.18 
-0.044  -0.17 


-0.042  +0.14 


+0.030  -0.O3 


+0.060  -o.20 
-0.078  -0.40 


-0.058  +0.67 

-0.012  +0.38 

+  0.161  +0.72 
_0.055  -0.58 
+0.019  +o.:;o 

+  0.123  +0.20 

-0.043  +0.08 

+  0.029  -1.05 
+  0.06S  -0.10 


+  0.055  +0.15 


-1-0.10  _1 
+  0.13  -O.l 
+  0.07  +1.2 


+  0.006-0.71 


+0.38  +1.3 
+  0.20  -0.5 


+  0.06  -0.6 

-0.06  +0.5 

-o.o:',  -l.o 

+  0.02  -o.l 


+  0.06  -1.0 
+  O.S7  -0.4 


+  0.006-0.99 


+  O.09  -0.3 


+  0.030-0.26 
-0.001  -0.05 


-o.l     -o.s 
+  0.06  -0.1 


+  0.12  +4.0 


0.00  -0.6 


+  0.047-0.71 

-0.009-0.32 
+  0.010-6.77 


-0.04  -0.6 

+  0.000  +o.i".i  +O.06  +0.7 
.    .    +0.07  -0.9 


+  0.013  +0.29 
+  0.068  +0.39 


+  0.053-0.28 
+  0.012-0.91 


-0.04  +1.9 


+  0.027-0.37 


0.068  +0.S8 
-0.041  +6.10 


-0.009  -0.18       .... 

.    .    _o.44  -I'..-, 
+  0.036  +0.57       .... 

.    .    -0.15  -0.2 


-0.015-0.13 
-0.017  -6.20 


+  0.23     -1.0 


-0.054  +0.66 


+  0.02  +0.2 


+  O.OI1  -o.ll 


•  Observed  magnitude  Si. 


N°-  40S 
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I  (brerved  Places. 


Ephemeeis  Comparison. 


(  IBS.  —   Kl'H. 


Deel.  1895.0 

Obs. 

-  3  26  50.74 

3 

+   6  46  40.04 

8 

■+-18  39  39.25 

8 

+  2  16    6.38 

12 

+  15  L5  27.04 

8 

-  5  13  20.99 

16 

+79    6  34.73 

11 

-16  19  48.13 

8 

-  8  19  23.89 

4 

+  40    0  19.34 

8 

-34  59  53.80 

8 

+   6  15  15.47 

12 

+  74  58  24.80 

16 

+  .32    6  50.38 

8 

+85    8  36.13 

16 

-  1  16    9.38 

8 

-  1  59  54.55 

8 

-34    7  49.40 

8 

-   9  42  26.23 

20 

-35  48  29.48 

8 

+  37  12  17.87 

9 

-35  17  41.68 

8 

+14  46  50.17 

12 

+  69  21  22.19 

11 

-30    1    1.36 

8 

+  4  38  45.39 

16 

+  20  16  41.91 

8 

+  79  40  37.63 

24 

+  39  28  58.61 

5 

+  9  59  33.24 

20 

+   2  31  36.77 

31 

+  87  12  43.33 

36 

+  29  30  46  31 

8 

-27  47    4.86 

8 

-23  40  48.67 

8 

+  82  36  46.01 

16 

+  16  43  45.90 

20 

-36  54  34.03 

8 

-29    .5  54.8C 

8 

+  8  30    2.42 

8 

-  3  52  36.48 

L(i 

-24  35  48.02 

8 

-13  37  11.02 

8 

+  27    2  14.40 

8 

+  74  11  51.89 

16 

+  88  50  47.43 

16 

+  25  40  48.07 

8 

-39  42  28.10 

8 

+  68  4(1  58.04 

8 

+  17  57  50.71 

s 

+  70     1  36.77 

31 

+  9  30  32.06 

4 

-  3  33  50.84 

24 

+  38  22  34.44 

4 

+   04  10.95 

8 

B.J. 


C.T. 


::o:; 


ij.  Eridani 
jrj  I  hionis 

i  Tauri 
7r6  Eridani 
11  Orionis 

/i  Eridani 

19  H.  Cam. 

It.  Leporis 

fi  Orionis 
A  Aurigae 
o  ( lolomb. 

y  ( >rionis 

Gr.  966 
X  Aurigae 

Gr.  944 

e  Orionis 
£  Orion.  ( m  1 
a  Coloinb. 
k  Orionis 
(3  Colomb. 
8  Aurigae 
y  Colomb. 
v  Orionis 

22  H.Cam. 

£  Can.  Maj. 

8  Monoc. 
v  Gemin. 

23  H.  Cam. 
51  Aurigae 

S  Monoc. 
18  Monoc. 
51  H.  Cephei 
Piaz.  305 
22  Can.  Maj. 

o„  Can.  Maj . 

25  Camelop. 
A  Gemin. 
it  Puppis 
rj  Can. Maj. 

/j  Can.  .Mm. 
25  Monoc. 
i  Navis 

9  Navis 
qr  Gemin. 

Gr.1374 

B.A.C.2320 
<D[  Cancri 

£  Argus 

3  Urs.  Maj. 

£  Cancri  pr. 
Br.  1147 

fi  Cancri 
Br.  1197 
Gr.1450 

8  Hydrae 


4  40  15.1(17 

44  8.380 

45  13.839 
48  46.859 
58  34.092 

5  2  41.259 
5  15.127 
s  12.876 
9  29.431 

11  45.236 

13  41.863 
19  29.939 
25  40.950 

25  53.572 
28  20.975 


30  53. 
35  27. 
35  50. 
42  46. 
47  15, 

52  33. 

53  48. 
1  34, 
7  16. 

16  10 


II!  Ml 

633 
793 

585 
199 
646 
853 

587 
530 

9.-;i ; 


18  12.236 
22  43.680 
28  18.530 

31  22.988 
35  11.705 
42  23.148 

51  15.505 

56  50.009 

57  32.179 

58  38.362 

8  58.548 

12  3.497 

13  26.061 

19  56.472 
21  27.384 

32  3.450 
44  52.690 

46  54.561 

47  4.280 
47  37.397 

52  30.735 
54  34.695 

59  53.598 
;  2  21.676 

6  11.410 

6  20.814 

10  49.234 

20  24.831 
26  5.396 
32  5.844 


-t  (i.(i25  -0.22 
-0.047  +6.19 


+  0.013  -0.49 
+  0.101  +0.02 


-0.029  -0.13 


+  ( i.(i39  +0.26 
-0.160  +0.81 


+  0.024  -0.16 

+  0.048  -0.37 
-0.048  +6.18 


+  0.03,7  +0.15 


-0.030  +0.51 


_  0.018  -0.54 
+  0.011  +0.25 


-0.042  +0.35 

-0.182  +0.69 
+  0.006  -0.24 
-0.037  +0.08 
-0.009  +0.71 
-0.640  +0.15 


-0.040  -0.58 


—0.010  -0.07 
+  0.001  -0.51 

_ 0.053  -0.41 


-0.620  -0.11 
-0.132  -1.38 
-0.722  +0.(12 

-0.015  -0.14 

-o!o83  -6.10 
+  0.020  -0.37 


-0.070  +0.33 


-0.094  -0.19 
+  0.241  +0.26 


-0.025  +0.24 


+  1.060  +0.15 


-0.825  -0.77 


-0.022  -0.13  -0.068  +0.36 
+  0.109  —0.051       .    . 


.    .    -0.041  -0.1 
+  0.035  -0.48      0.000  -0.45 


_0.041  -0.36 

-0.383  +0.39 
-0.018  +1.64 
-0.018  +0.08 

■  0.027  -0.09  -0.038  +0.32 
+  0.022  -0.53'  +  0.009  -0.531 
+  0.030  +1.14         .    .         .    .  I 


0.08 


+  1.0 


-0.13   +0.3 


+  0.010-0.57 

0.030-6.78 

i  0.015-0.55 


+  0.1 
-0.21 


-0.04  -o.l 

0.00  —0.9 

+  0.04  -0.7 

-0.07  -0.1 


I  1 9       1 


+  0.028  -0.42 

-OU72  -6.73 
0.040  +0.09 
+  0.04     -0.5 


+  0.028  -0.46 
+  0.095  -0.02 


-0.02  +0.4 
-0.07  +0.4 
_0.16  -0.7 


+  0.006-0 
+  0.045 


+  0.05  +1.7 
-0.03  -0. 
_0.04  -o.d 


+  0.00 


+  0.121  +0.25 


-1.3     +1.9 
-0.09  -3.0 


+  0.07     -0.8 
-0.02     +0.1 


+  0.01  -1.8 
-0.09  -0.8 
+  0.010  +0.31 


-0.03 

-0.O2  - 


-0.009  -0.51 


-0.14  -0.7 

+  0.02  -0.7 


-0.00 

-o!oo 


-0.009  -2.o; 


+  0.008  +0.24 


+  4.2        0.0 


+0.06      0.0 
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.v.i  51.069 
:i    2    3.595 
s  5  l  097 
22    6.323 
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+  11     6    2.59 
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-  I  58  12.19 
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*  Proper  motion:  A.  JE.O".00;  N.  A.  1897,  — 0".  17.     |     t  Obs.  S.  preceding  star.     C.T.X.fol.     A. E. mean.     Ja  and  JS  from  direct  measure. 
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37.63 
31.93 
46.04 


56  15.428  -39  2  29.47 

21  0  2.722  -17  39  m.17  9 

2  11.450  +38  13  58.48  I 

7  35.860  +77  12  1.71  11 

1m  34.500  +  4  is  19.75  13 


0.106  +0.09 
0.047  +1.01 


-0.008  +0.1S 
0.345   *  0.21 


.  i .  i:. 


\     .1. 


0.019    I  0.57   I  0.04    -0.4 
m.:;s7  +6.12 


+  0.059  -0.48+0.011 

0.005  +0.99 


—  0.012 
-0.071 


+  0.31 
6.66 


-0.043 
-0.015 


0  16 

-0.3S 


t  0.002  +0.70 

M.MS  |     +0.40 
M.MM        -2.2 

|  0.04        0.0 
1  +0.066  +0.01 
-0.035  +0.17 
(-0.024  +0.39 


-0.017  +0.G5 
0.027  +0.4S 

M.OS5        O.O] 


-0.030   -f  0.57 

+  0.126  +0.28 


+  0.02S  +0.15  -0.024  +0.16 


+0.024 

-0.060 

4   o. 

-0.022 

-0.093 

-o.oll 
-0.756 


-0.057 
-0.018 

—0.007 


+  0.045 
+  0.016 
-0.047 


-0.01 
-0.13 

+6.15 
+0.03 

-0.40 


-0.074  -0.13 

+0.014  -0.44 

+  0.028  +0.14 

-0.171  -0.22 


.0.025  -0.34 
+0.05     t-0.6 


-0.O4 

+  0.2S 


■0.2 

m.7 


-0.96  +o.l 


+  0.11  +0.8 
+  0.03  -1.5  +0.036 -0.71 
m.mm  i  3.9 


+  0.01  -0.6 

+  0.05  +0.3 


+  0.020  -0.30  +0.10  +o.3 
+0.02    -0.8 
+0.08     -0.5 
+  0.04     -0.3 


+0.04  -0.5 
+  0.13  +1.2 


+0.03 


1.2  ■+  M.003 
.    .    +0.020 


+  0.31  -0.027  +0.15 
+0.4  8 


+0.009  +0.46  +o.oc.  -o.l 


+0.025  +0.04 


-0.11 
-0.01 

+  0.35 


+  O.M2 

+  0.33 
-0.82 


1.50    +0.17  -0.482  +0.13 


+  0.013  -0.39 
-0.034  +0.61 


-0.16  -3.0 

+  0.07  _0.6  -0.001 

-1.1     -0.4 

+0.01  -0.9  +0.00 


+  0.002  +0.30 


-0.025 
+0.023 


-0.04 
-0.18 


-O.M45  +0.08+0.001  +0.53+0.04  -0.8 

-o.ol.",  +0.69  +0.036  +0.14  +0.03      0.0 

+  0.014  -0.041       .    .         .    .  1+0.11  -0.4 

-0.096  +0.6 

+  0.028  +0.16+0.051  -0.38+0.07  -0.0  +  O.01 

-0.025  -0.16 

-0.135  -0.20 


-0.033  -0.40 
-0.042  -0.27 
+0.112  -0.25 
-0.004  -0.34 
-0.038  +0.28 


+  0.025  +0.84 


+0.027  +0.11 


.    .  1-0.009  +0.53 
-0.035  +0.05 
.0.079  -0.7:;  -0.068 


-0.45 


+0.185  -0.17  +0.071 
+  M.M55  +0.01 

;   0.019    +M.M3  .      . 


.    .    +0.09  -2.1 
+  O.O01    +M.21 

-0.35  +0.134  +0.15  +0.37  +0.1 


+  0.06  -1. 


+  0.05 
+0.05 


0.0 
-0.1 


+  0.10  -0.7 
+  O.M5  -0.4 


+  0.02 


0.81 

l.o'o 


-0.47 
-0.64 


O.20 


1  -0.50 


+  0.0  1C. -0.38 


•Error  C.T.  1  min.  R.A. 
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Observed  1' 

.ACES. 

EPHEMEKIS    <  lOMPARISON. 

Obs.  - 

Kin 

Star 

R.A.  1895.0 

Decl.  1895.0 

Obs. 

B.J. 

A. 

E.    ■ 

N.A. 

c. 

T. 

303 

1  Pis.  Aus. 
a-  Cygiii 

Gr.  3548 
/3  Cephei 
£  Aquarii 

t  Pegasi 
y  Gruis 
li  Capric. 
7'.)  Draconis 
20  Pegasi 
24  Cephei 
&  Aquarii 
y  Aquarii 
7r  Aquarii 
o-  Aquarii 

226  Cephei 
y  Aquarii 
a  Pegasi 
?r  Cephei 
cp  Aquarii 
y  Piseium 
y  Sculptoris 
o  Cephei 
k  Piseium 
i9^  Piseium 

P  Sculptoris 

39  H.  Cephei 

i  Piseium 

y  Cephei 

ii  Aquarii 
Gr.4163 

oi  Piseium 
30  Piseium 

2  Ceti 
33  Piseium 

21  11  34.313 
13  17.455 

20  31.975 

27  18.300 
32    9.762 

39    1.702 
47  34.304 
47  34.326 

51  :;:;.222 

55  58.385 

22  7  47.329 
11  17.586 
16  13.967 
19  54.873 
25    5.481 

30  25.620 
47    8.210 
59  31.778 

23  4  33.442 
8  53.063 

11  43.300 

13  9.294 

14  18.706 

21  32.990 

22  38.487 

27  20.471 
27  49.042 

34  32.945 

35  2.270 
38  45.354 
49  43.260 
53  55.128 

56  34.514 

58  21.643 

59  57.634 

-32  36  10.73 
+38  57  L6.40 

+  86  36     7.72 
+  70    5  59.56 
-  8  19  30.18 

+   9  23  37.04 
-37  51  31.83 
-14    2  45.41 

8 

9 

17 

11 

9 

35 

8 
9 

8                          It 

b                « 

8                 // 

+  0.11  -0.3 
+  0.06  +0.2 
-0.66  -0.3 

+  0.07  +1.8 

8                        1 

+  0.019  -6.61 
0.000-0.31 

-0.055  +0.6S 
-0.030  -0.14 

+  0.058  +6.48 
+  0.060  -0.26 
+  0.007  -0.13 
+  0.006  +0.02 

+  0.039  +6.15 
-0.013  -0.41 
_0.031  -0.06 

+  0.018  -0.18 
+0.038  +0.29 

+0.030 
-0.018 

-0.057 

+  0.020 

-0.053 

-O.OIO 

+  0.002 
-0.028 
+  0.075 

-0.298 
-0.024 
-0.043 

-0.039 

-0.187 
—  0.001 

+0.69 

0.00 
-0.05 

}  6.23 

+  0.01 

-0.15 

+  0.04 
-0.17 
-0.41 

+  0.25 
-0.40 
-0.08 

-0.49 

+0.077  +0.91 

+  0.002  +0.33 
+  0.09    -0.5 

-0.03 

+  0.07 

-0.8 

-1.1 

+73  12  20.14    17 

+  12  37    1.23 
+  71  49  26.09 

-  8  18  22.07 

-  1  54  59.07 
+   0  50  40.42 
-11  12  55.09 

+  75  41    7.26 

-  8    8  18.10 
+  14  38  24.88 
+  74  49  11.33 

-  6  36  54.37 
+   2  42  30.53 
-33    6  15.17 
+  67  32  13.15 
+  0  40  50. 82 
+   5  48    8.09 

-38  23  57.07 
+  86  43  41.93 
+  53  25.78 
+  77    2  46.75 
-18  51  35.08 
+  73  49  33.82 
+   6  16  55.06 

-  6  35  51.75 
-17  55  14.54 

-  6  17  42.16 

16 
47 

7 

21 

8 

8 

16 

34 
37 
25 
8 
9 
8 
8 
7 
8 

8 

16 

12 

15 

8 

16 

24 

8 

8 

8 

t  0.031   +0.15 
+-(1.015  -0.04 

+  0.05 
—0.01 

-0.6 
-0.5 

+  0.036  -0.48 
+0.033-6.65 

+  0.024-0.52 
+0.008—6.24 

+0.011  -0.O9 
-0.005  -0.76 

+  0.037  +0.10 
-0.006  +0.08 

+  6.17 

+  0.04 

-0.7 

-0.9 

-6.44 

+  0.59 

+  0.020  +0.02 
+  0.037  +0.48 

+  0.06  +0.2 
+  0.08  -1.5 

0.00  +0.6 

+  0.06  -0.7 

-0.27  +1.8 

0.00      0.0 

-0.04      0.0 

+  0.003  +0.34 
+  0.009  +0.59 

+0.006  —0.15 

-0.031 
+  0.223 
-  0.030 
-0.289 
-0.036 

-0.032 

-0.04 
-^0.40 
-0.43 
+0.34 
-0.02 

-0.75 

+  0.035  +0.25 
+  0.061  +0.12 

+  0.034  +0.21 

+0.06 

+  0.09 
+0.06 

0.0 
-0.2 
-1.5 

SUNSPOT   OBSERVATIONS, 

MADE    AT    BEBWTJf,    l'EXN".,    WITH    A    4J-INCH    REFRACTOR 

By  A.  W.  QUIMBY. 

(Continued  from  page  1*4.) 


1897 

New 

Total 

Far. 

Def. 

1S97 

Time  New 

Total 

Fac. 

Def. 

Thin-   Nr" 

Total 

Fac. 

Grs. 

Gr8. 

Grs. 

Ur3. 

3 

spots 

Grs. 

(.IS. 

G  ra. 

Spots 

Gl-8. 

Apr.  23 

8 

_ 

1 

1 

2 

fair 

May    5 

8 

_ 

16 

_ 

poor 

May  16 

8 

_ 

_ 

o 

faii- 

24 

5 

1 

2 

2 

2 

fail- 

6 

I 

-     2 

35 

2 

fail- 

17 

7 

_ 

_ 

_ 

1 

fair 

25 

7 

- 

2 

2 

2 

fair 

7 

9 

1      2 

32 

2 

good 

18 

7 

- 

- 

_ 

2 

fair 

26 

7 

- 

- 

- 

3 

poor 

8 

i 

- 

3 

17 

2 

poor 

19 

5 

1 

1 

3 

2 

poor 

27 

5 

- 

1 

1 

3 

faii- 

9 

8 

- 

3 

11 

2 

poor 

20 

8 

- 

1 

7 

2 

faii- 

28 

4 

2 

3 

6 

4 

poor 

10 

5 

- 

3 

5 

1 

fair 

21 

11 

1 

2 

15 

1 

poor 

29 

9 

- 

3 

11 

3 

faii- 

11 

7 

- 

2 

3 

2 

faii- 

oo 

7 

_ 

2 

16 

_ 

faii- 

30 

8 

- 

2 

6 

2 

poor 

12 

3 

- 

1 

1 

1 

poor 

23 

7 

_ 

2 

18 

_ 

fair 

May    1 

8 

1 

o 

i 

2 

poor 

13 

6 

- 

- 

- 

- 

poor 

24 

1 

- 

1 

6 

- 

poor 

2 

4 

2 

4 

26 

o 

faii- 

14 

11 

- 

1 

1 

2 

faii- 

25 

7 

2 

4 

21 

1 

good 

3 

8 

- 

3 

37 

2 

fair 

15 

9 

- 

1 

2 

2 

good 

26 

7 

_ 

2 

6 

1 

fair 

4 

7 

- 

4 

32 

2 

fair 

Note. — The  foregoing  observations,  from  1807  April  23  to  May  20,  complete  the  series  printed  in  A.J.  407.     The  page  of  manuscript 
containing  this  portion  of  the  series  was  lost  by  an  unexplained  mishap,  and  the  Rev.  Mr.  QuiMBY  has  now  supplied  the  omission.  — Ed. 
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OBSERVATIONS   OF    D'ARREST'S   COMET  =  a.  1897, 

UABE  AT*THE  LICK  OBSEBVATOB1    "I      Mil     l   M\  l  KM  I  \     "I     CA ItKIA,    WITH     rill.    12-INCH    l.\'i    LTOBIAL, 

li,   i  .   Ii    PERRINE. 


1891  Mi.  Hamilton  M.T. 


No. 
(  .Mm.. 


'-* 


la 


/S 


a 


log  pA 

for  a      i     forS 


June28     15  19  25 
15  27  39 

29     1  I  55   16 


II  .  s 


■0    IS.L'll 


hi  29.0 
I  2  54.9 


2  l   24.55 
:/   I   15.36 


+6  L3  31.7 

+6  16     7.7 


»9.624 


«9.641 


0.694 
0.70J 


Mean   Places  for  1897.0  of  Comparison- Stars. 


* 

a 

Red.  i"                     J 
app.  place                   " 

Red.  to      |                                         .     ,     . 
a,,,,,  plan-                                                    Authoritj 

1 

2 
3 

h      in         8 

2     1        1.29 
2     0     30.59 
2     3     25.29 

+  LS5 
+1.85 
+1.87 

+  6   L2    17.S 
+  0  11     5.8 
+  6  12  57.7 

+  14.9        Micrometer-comparison  with  5|s2 
+  14. '.»        '  (W.B.  1033+2  Paris  2618) 
+  15.1     |  Paris  2G62 

i  ibservatlons  of  June  28  made  in  dawn  when  comet  was  very  faint.      extended  norl  h  preceding.     It  is  jusl  discernible  in  tin'  8+inch  Bndei 
i  omel  is  about  'J'  in  diameter,  and  lias  a  not  very  well  marked  cen-      ot  12-inch  telescope, 
tral   condensation,   but    BO   nucleus.      Comet    seems   to   be   slightly  Ml.  Hamilton,  1897  July  1. 


ELLIPTIC   ELEMENTS   OF   COMET ^  IS'ifi, 

15v  ANNE  S.  rOUNG. 
ii  ommunicated  by  W.  \V.  Payne,  Director). 
The  following  elements  were  computed  by  Miss  A\m   S. 
\..:\,,,    student   in   astronomy  at   Goodsell  Observatory, 
from  a  normal  place  Dec.  11,  an  observation  at  Northfield 
-Ian.  5,  ami  one  at  Charlottesville,  .Ian. 30. 
Epoch  L896  Dec.  11.5 
1/   =       2°  32  31*9 


Si  =  246  :;:'  58.7 

w  =  163  56  25.8     . 

_      -(|  nq  .,,  -    -Mean  Equinox  L897.0 

i  =  13  41   26.0  I 

sin  q   =  9.833766 

logo   =  0.543092 

logM  =  2.735369 


OX   ANDERSONS    XK  W    VARIABLE    IX  ANDROMEDA.* 

a  =  0''  42"'  14-     ,     8  =  +34°  53'     (1855), 
By    PAUL   S.    YEXDELL. 

at  9M.5,  by  comparison  with  tin-  stars  DM.  35°221,  9". 3, 
and  34°141,  <>>'..>.  On  181)7  June  26  1  found  it  to  be  in- 
visible in  my  telescope,  and  made  sure  that  nothing  so 
bright  as  10"  existed  in  its  place. 


The  variability  of  this  star  was  announced  by  Anderson, 
.[.A'..  Vol.  1  11'.  p.  159. 

•  i  ha  -ions  of  it  on  two  dates,  which  appear  to 

confirm  its  variability.     < » i i  1897  Jan.  ■';".  I  found  the  star 
«  267  V  Andromedae  :    See  A.J.  395,  footnote  to  p.  87.  —  En. 


Dorchester,  Mass.,  1897  •/»'.</  12. 


CONTENTS. 

PLACE8   OF  310  EPBEMEBIS-StABS,    v.\     PBOF.   R.    II.    TlHJKEB. 

i   Obsebvations  (Continued),  bi    Rev.  A.  W.  Qtjimbt. 
vations  oi    D'Abbest'8  Comet  =  a  1897,  t'-v  Mb.  C.   D.  Perbine. 
Ellipth    Elements  oi  Comei      L896,   m    Miss  Anne  S.  Voi  n... 
On  A.ndbbson's  New  Vabiabli   in  Andbomj  da,   bi    Mb.  I'm  i.  S.  Yendell. 


PUBLISHED    IN [BOSTON,  TIII-MOXTHLY.   BY   S.  C  CHANDLER.     A  I  H  ntl.s-.  CAMBKI  Iio  E,    Ml--        '. on     I'.niroi:-      \-ll'll    HALL    AM,    I. nils    BORS. 

PRICE,  $5.00  THE  VOLUXB.     PRESS  OP  Titos.  P.  NICHOLS,   Lynx.  Mass..    Entered  al  the  Pust  Ollice,  Boston.  Mass.,  as  second-Class  matter.     Closed  July  10 


INDEX 


TO     THE     SEVENTEENTH    VOU'MK. 


A. 
Alienation,  Determination  of  Constant  of,  by  Pees,  Jacoby 

and  Davis 129 

"            Detei'mination  of  Constant  of,  by  DOOLITTLE    .    .  169 

"          "         »     "    NyrEN    ....  89 
Aitkf.n,  Mr.  R.  G.,  Lick  Observatory,  Mt.  Hamilton,  Cal, 

Measures  of  Sirius 27 

"        "  Procyon 76 

Elliptic    Elements    and   Epliemeris   of   Comet   1896  VII 

(g  1890) 93 

Albany,  N.Y.,  —  Dudley  Observatory. 

Observations  of  Comet  J 890  111  =  I,  1896 38 

"           "  New  Variable  in  Virgo 110 

Division-Corrections  of  Meridian-Circle 13:1 

Asteroids,  Discovery,  Notation  and  Names  of. 

(324)  Bamberga,  Palisa,  1892  Feb.  25 24 

(332)  Siri  =  CM,  Charlois,  1896  Jan.  16 8 

(352)  Gisela,  1S93  B,  Wolf 8 

(409)  CE,  Charlois,  1895  Dec.  9 .   .  8 

(410)  CH,  Charlois,  1896  Jan.  7         8 

(411)  CJ,   Charlois,  1896  Jan.  7 8 

(412)  CE,  Wolf,  1S96  Jan.  7         8 

(413)  CL,  Wolf,  1890  Jan.  7 8 

(414)  C\V,  Chaulois,  1890  Jan.  16 8 

(415)  CO,   Wolf,  1890  Feb.  7 8 

(416)  CS,    Charlois,  1896  May  4 8 

(417)  CT,    Wolf,  1896  May  6 8 

-  CU,  by  Wolf,  1896  Sept.  8 8 

-  CV,    "  Wolf,  1896  Sept.  7 8 

C\V,  "  Wolf,  1896  Sept.  7 8 

-  CX,    "  Wolf,  1896  Sept.  7 8 

-  CY,    "  Wolf,  1896  Sept.  7 8 

-  CZ,     "  Wolf,  1896  Sept.  7  .   .   .           8 

-  DA,    "  Witt,  1896  Oct,  8 24 

-  DB,   "  Charlois,  1896  Dec.  7 59 

-  DC,    "  Charlois,  1896  Dec.  2S 6S 

-  DD,  "  Charlois,  1896  Dec.  31 68 

-  DE,  "  Chaklois,  1896  Dec.  31 68 

-  DF,   "  Charlois,  1890  Dec.  31 68 

Observations  of 

(8)      Flora,              by  Frisby 104 

"          "                   "   Ogburn 117 

(16)    Psyche,            "    Furness 144 

"          "                "   Ogbubn 117 

(24)     Themis,            "   Furness 144 

(33)    Polyhymnia,  "    Bro^'x 21 

(38)    Leda,                "   Whitney 144 

(51)    Nemausa,       "   Frisby 104 

(71)    Niobe,             "   Furness 37 


Asteroids,  Observations  of ,      Cont. 

(80)    Sappho,         by  Fbisby 104 

"           "               ■■    Leavenworth  and  Wilsom    .    •  176 

"           "                "  Ogburn 117 

(90)    Antiope,         "   Whitney Ill 

(106)  Dione,             "   Whitney 77 

(113)  Amalthea,      "   Whitney  and  Furness 37 

(121)  Hermione,       "   Whitney  and  Furness 37 

(123)  Brunhild,       "   Furness 1S1 

(130)  Electra,           "    Furness 37 

(140)  Lucina,           "   Whitney 181 

(168)  Sibylla,          "  Whitney  and  Furness 144 

(175)  Andromache,  "    Whitney 37 

(190)  Isna-ne,            "    Furness      37,  181 

"          "                  "   Tarbox 37 

(198)  Ampella,         "   Whitney 144 

(209)  Dido,              '•  Whitney  ami  Furness 77 

(225)  Henrietta,       "    Whitney  and  Furness 77 

(258)  Tyche,              "    Whitney 77 

(275)  Sapientia,      "   Furness 144 

(287)  Nephthys,       "   Frisby     24 

(303)  Josephina,       •'   Furness 181 

(300)  Unitas,            "   Furness  and  Whitney 77 

(313)  Chaldaea,        "   Furness 37 

(324)  Bamberga,      "    Whitney 181 

(329)  Svea,                "    Furness 37 

(346)  "   Frisby 24 

(354)1893^1,             "    Whitney 77 

(362)  1893  A',            "   Whitney 181 

(3S6)  ■            "   Frisby     24 

(387)  AZ,                '•   Frisby 104 

"       "                   ••   Ogburn 117 

-     DA,                 "   Witt 24 

Epbemeris  of 

(16)    Psyche,            by  Townley 87 

(93)    Minerva,        "   Eichelbebger     70 

(387)  AZ,                  "   Ogburn   .    . 4 

Notation  and  Nomenclature s 

Astronomical  Journal,  Notice  concerning  Change  in  Title-head 

ing  of 48 

Notice  concerning  Choice  of  Associate  Editors 56 

"              "            Subscriptions  to 104 

Sets  of 12S 

B. 
Barnard,  Prof.  E.  E.,  Yerkes  Observatory,  Williams  Bay,  Wise. 

The  November  Leonids  of  1890 40 

Measures  of  the  Diameters  of  Mars  and  the  Positions  of 

his  Satellites  in  1S94 115 

The  Ge'jenschcin  or  Zodiacal  Counterglow 151 

(193) 


194 


i  n  i  >  i :  x 


Boss,  Prof.  Lewis,  Dudley  Observatory,  Albany,  N.Y. 

]  >ivision-<  lorrections  of  the  <  lircles  of  the  Meridian  Instru- 
menl  at  Albany 138 

Mass.,        BoStOD  University  Observatory. 

Observations  of  Snnspots,  1896  December    1891  February,  118 

Brown,  Prof.  Stimson  J.,  U.S.  Naval  Observatory,  \\  ashington,  D.C. 

Elements  and  Ephemeris  of  Comet  1896  V  (d  1896)  ...      14 

Observations  of  Comet  1896     V(<I1896) 15,160 

VI  [e  1896)  =  1889  V  .   .  B5,  175 

"       "  "     VII  (./  1896) 160 

1897  VIII  fl896) 10,  160 

\ymnia 21 

•■  the  Companion  of  Sirtus 40 

c. 
Chandi  eb,  I>r.  Seth  C,  Cambridge,  Mass. 

On  the  Companions  of  the  Periodic  Comet  lssfl  V    ...        1 
Corrected  Ephemeris  of  the  Component  C  of  the  Periodic 

1889  V 14 

Ephemeris  of  Long-Period  Variables  for  1807 17 

ctory  of  the  Pole  for  computing  Latitude-Variations 

in  1897 03 

Notation  of  Recently  Discovered  Variables 04 

Revised  Elements  of  820  U  Cephei 04 

On  Xvntx's  Vertical-Circle  Observations,  1882-91  .   .   .    125 

Revised  Elements  of  5190  R  Camelopardalis 12S 

Elements  of  the  Annual  Component  of  tlie  Polar  Motion 

from  Recent  Observations 141 

Correction  of  the  330  Pulkowa  Hauptsterne  for  Latitude- 
Variation  11:'. 

Synthetical  Statement  of  the  Theory  of  the  Polar  Motion,  172 
Christie,  Dr.  W.  II.  M.,  Astronomer  Royal,  Greenwich,  England. 

M icrometer-Measures  of  F.  70  Ophiuchi 31 

ology  and  Eclipses,  —  a  Final  Rejoinder,  by  Lynn    ...        6 
cit\  of  Mexico,  —  Lowell  Observatory. 

Observations  of  Double  Stars 93,  119 

••  Jfors 103 

"  "  Satellite  of  Jupiter 100,  108 

"  "        "        "     Neptune 131 

Columbia,  Missouri,  —  Laws  Observatory  of  University  of  Missouri. 
Observations  of  Comets  1895 IV,  1896 1  and  III     ....      47 

Comets  of  the  Year  1896 120 

('..met.  d'Abbest'S, — see  Comet  a  l^'.iT. 

Comet  1894  IV,  Observations  by  Howb 13 

Comet  1895  IV  =  c  1S95. 

Observations  by  Perrine 00 

"  "  Updegraff 47 

Comet  1896  I  =  a  1896. 

Observations  by  Updegraff 47 

Comet  1896  III  =  h  1896. 

Observations  by  Fueness 37 

"  '■  Bussey 150 

"  "  Leavenworth 48 

"  ■'  Roy 38 

"  "  Updegraff 47 

"  "  Whitney 37 

Comet  189G  IV   =  e  1896. 

Observation,  by  Hussey 7 

"  "  Wilson 16 

Elements  by  Hussey 7 

Elements  and  Ephemeris  by  Seabes 7 

Comet  1890  V  =  d  1896. 

Observations  by  Brown 15,  160 

■    HUSSE1 :.".i 


Comet  1806  V  =d  1896.       Cont. 

Observations  bj  Peering -   .29,91 

"  "  Stoni no 

••    WIL80N 16 

Elements  by  Brown 14 

••III  3SEY 23,   17 

■•  Perrine 7.  •_':; 

"  Se  lres 7, 15 

"  SB  vki.i:      IS 

Ephemeris  by  BROWN 14 

••   HUSSEY 23,   17 

"    l'l  BRINE 23 

"  "  Seakes 15 

"  "  Searle 13 

Comet  1896  VI  =  o  1896  (1889  V). 

Observations  by  Brown 55,  17.") 

"  Hussei 30,  182 

••  Stoni 116 

••  Wilson 16 

Ephemeris  by  Poor 14,  89 

Positions  of  Comparison  Stars,  by  Tucker 23 

On  Companions  of,  by  Chandler 1 

Corrected  Ephemeris  of  Component  C,  by  Chandler  .    .      14 
Comet  1898  VII  =  g  1896. 

Discovery  by  Perrine 48 

Observations  by  Brown 160 

"    lit  SSEY 71,   10S 

"  Leavenworth 181 

•'  Morgan 116 

"  Ogburn 117 

•'  "  Perrine •">•">,  91,  152 

•'  "  Stone     116 

"  "  Whitney 56,  72,  92 

Elements  by  Aitken     93 

•'   Hussey 56,  71.  78 

••   Perrine 56,  71.  78.  93 

"        ••   Ristenpart 92 

"         "   .Skap.es 56 

"  Young 192 

Ephemeris  by  Aitken 93 

"  "  Chandler 56 

"  "  Hussey 71.7^ 

"  ••  Pekkixe 71,  7S.  93 

"  "  Ristenpart 92,  120 

Comet/  1896. 

Discovery  by  Perrine 31 

Observations  by  Brown 40,  100 

•'  "  Hussey 78 

"  Perrine 31,39,91 

"  "  Stone 110 

"  Whitney 37 

Elements  by  Halm 32 

••    HrssEY 31,  30 

•'   Perrine 81,  36,  38 

"    Seakes 30 

Ephemeris  by  Uai.m 32 

"  Hi  ssky 31,  36 

"  "  Perrine     ...       31,36,38,64 

"  Seakes 36 

Comet  a  1S97  =  d'Arresfs  Periodic. 

Rediscovery  by  Pebrixe 184 

Observations  by  Perrine 192 

Ephemeris  for,  by  Leveao 112 


INDEX, 


1  95 


(  .unci,  Suspected,  1890  Sept.  20. 

Observations  by  Swift S 

Search  for,  by  II  iris  ey 103 

Comstock,  Prof.  Geo.  C,  Washburn  Observatory,  Madison,  Wise. 
Observations  of  the  Leonid  Meteors  of  1896 35 

Corrigenda  in  the  Astronomical  Journal 80,  128,  130,  184 

Counterglow,  the  Zodiacal  or  Gegenschein,  bj  Barnabd       .   .    151 

D. 

Davis,  Dr.  Herman  S.,  Columbia  University,  New  York. 

The  Variation  of  Latitude  at  New  York,  and  a  Determi- 
nation  of  the  Constant  of  Aberration  from  Observa- 
tions at  the  Observatory  of  Columbia  University   .    .   .    129 
The  Parallax  of  611  Cygni,  deduced  from  the  Rutherford 

Photographic  Measures 140 

Declination-System  of   the  Berliner  Jahrbuch,  Variations   in, 

by  Tucker 107 

Division-Correction  of  the  Circles  of  the  Meridian  Instrument  at 

Albany,  by  Boss      133 

Doolittle,  Prof.  C.  L.,  Flower  Observatory,  Philadelphia. 

Request  for  Meridian  Observations 95 

The  Constant  of  Aberration 109 

Doolittle,  Mr.  Eric,  Flower  Observatory,  Philadelphia. 

The  Secular  Perturbations  of  Mercury  arising  from  the 

Action  of  Jupiter 9 

The  Secular  Perturbations  of  Mercury  arising  from  the 

Action  of  Saturn 57 

The  Secular  Perturbations  of  Mercury     105 

The  Orbit  of  F.  70  Ophiuchi 121 

Double  Stars,  — see  Stars,  Double. 

Drew,  Mr.  D.  A.,  Lowell  Observatory,  Flagstaff,  Arizona. 

Micrometric  Measures  of  the  Satellite  of  Neptune     .    .    .    131 

E. 
Eclipses  and  Chronology, — A  Final  Rejoinder,  by  Lynx  ...        6 
Eichelbeegee,  Dr.  \Y.  S.,  U.S.  Naval  Obs'y, Washington,  D.C. 

Ephemeris  of  (93)  Minerva 70 

Micrometric  Measures  of  Double  Stars 101 

Elliptical  Motion,  Note  on  the  Convergence  of  the  Series  in, 

by  Hall 53 

F. 

Flagstaff,  Arizona,  —  Lowell  Observatory. 

Observations  of  Satellite  of  Neptune 131 

"  "  Double  Stars 1,  ISO 

Flint,  Mr.  A.  S.,  Washburn  Observatory,  Madison,  Wise. 

Observation  of  the  Leonid  Meteors  of  1890 35 

Frisby,  Prof.  Edgar,  U.S.  Naval  Observatory,  Washington,  D.C. 

Observations  of  Small  Planets 24,  104 

Furness,  Miss  Caroline  E.,  Vassar  Coll.  Obs'y,  Poughkeepsie,  N.Y. 

Observations  of  Minor  Planets  and  Comets 37 

"      "  "         77,  144,  181 

G. 

Geographical  Position,  of  Catholic  LTniversity  Observatory,  Wash- 
ington, D.C,  by  Searle 112 

Errors  in  Almanac-Positions  of,  by  Schaeberle  .    .    .    .    140 
Gill,  Jr.,  Mr.  Walter  J.,  Roxbury,  Mass. 

Observations  of  Variable  Stars  in  1890 -    .    .      94 

Gould,  Dr.  Benj.  Apthorp,  Notice  of 33 

Greenwich,  England,  — Royal  Observatory. 

Measures  of  F.  70  Ophiuchi 31 

Gvi.den,  Prof.  J.  A.  H.,  Notice  of 32 


II. 
II  a  i.  in,  Key.  ,iuh  ii  <;.,  S.J.,  Georgetown  n  College,  Washington,  D.<  . 

Note  on  U  Geminorum 127 

Hall,  Prof.  Asaph,  Georgetown,  D.C. 

Note  on  the  Convergence  of  the  Series  in  Elliptical  Motion,    53 
II  \i.m,  Dr.  .1.,  Edinburgh,  Scotland. 

Ele nts  ami  Ephe ris  of  Comet /  1S90 32 

Bareness,  Prof.  Win.,  Astron.  Director  of  U.S.  Naval  Obs'y. 

()n   Hi.-  Latitude  and   Variation  of  Latitude  at   the  U.  S. 
Naval  Observatory,  Washington,  D.C 153 

Hill,  Mr.  Geo.  A.,  U.S.  Naval  Observatory,  Washington,  D.C 

On  the  Latitude  and  Variation  of  Latitude  at  U.S.N.  Obs'y.  153 

Hill,  Prof.  Geo.  W.,  West  Nyack,  N.Y. 

On  the  Values  of  the  Eccentricities  and  Longitudes  of  the 
Perihelia  of  Jupiter  and  Saturn  tor  Distant  Epochs.  •      81 

Holiien,  Prof.  E.S.,  Director  of  Lick  Obs'y,  Mt.  Hamilton,  Cal. 

Companion  of  Sirius, — a  telegram 20 

HOWE,  Prof.  Herbert  A.,  Chamberlin  Obs'y,  Univ.  Park,  Colo. 

Observations  of  Comet  1894  [V 13 

HlJSSEY,  Prof.  W.  J.,  Lick  Observatory,  Mt.  Hamilton,  Cal, 

Elements  of  Comet  e  1890  =  1890  IV 7 

Observations  of  Comet  e  1890  =  1890  IV 7 

Elliptic  Elements  and  Ephemeris  of  Comet  d  1898=1896  V,  23, 47 

Observations  of  Comet  d  1896  =  1896  V 29 

Observations  of  Comet  c  1896  =  1896  VI 30,  182 

Elements  and  Ephemeris  of  Comet/ 1890 31,36 

Elements  of  Comet  g  1896  =1896  VII 50 

Elliptic   Elements   and    Ephemeris  of    Comet  g  1890  = 

1S90VII 71,  78 

Observations  of  Comets  1896  =  1896 VII 71,168 

Observations  of  Comet  /  1S96  =  1S97— 78 

Measures  of  Double  Stars 97 

Search  for  Comet  or  Comets  reported  by  Sw  t  it'  1896Sept.20,  103 

Measures  of  Procyon 149 

Observations  of  Comet  1896  III  =  6  1S96 150 

I. 
Innes,  Mr.  R.  T.  A.,  II. M.  Observatory,  Cape  of  Good  Hope. 

Note  on  the  Binary  Star,  Lac.  721.") 2 

Observations  and  Period  of  3495  (  Carinae 95 

J. 
Jacoby,  Prof.  Harold,  Columbia  University,  New  York. 

Note  on  Differential  Refraction  of  Photographic  Measures,     22 
The  Variation  of  Latitude  at  New  York  and  a  Determina- 
tion of  the  Constant  of  Aberration  from  Observations 

at  the  Observatory  of  Columbia  University 129 

Jupiter,  Eccentricity  and  Longitude  of  the  Perihelion  of,  by  Hill,     81 
Jupiter,  Satellites  of. 

Rotation  of  Third,  —  a  telegram  b\  Lowell 100 

Rotation  of  Fourth, — a  telegram  b>  Lowell 168 

Observations  of  Fifth,  by  Schaebeble Ill 


Latitude,  —  See  Geographical  Position. 

Latitude,  Variation  of. 

At  New  York,  by  Rees,  Jacoby  and  Davis 129 

At  U.S.  Naval  Observatory,  by  Harkness  and  Hill  .    .  153 

Correction  of  330  Pulkowa  Haupsterne  for,  by  Chandler,  14:! 
Elements  of   Annual  Component  of   Polar  Motion  from 

Recent  Observations,  by  Chandleb 141 

On  Nyrkx's  YerticaWMrcleObs'ns,  18S2-91,  by  Chandler,  125 

On  Nyben's  Vertical  Circle  Obs'ns, — Reply  by  Nyrex  .  147 


19G 


INDEX. 


Latitude,  Variation  of.  —  Cont. 

Synthetical   Statement  of   Theory  of  Polar  Motion,   bj 

CHANDLER 172 

tory  of  Pole  for  t  Computing,  In  1807,  byCHAH  dli  b,    S3 
Laves,  Dr.  Kurt.  University  of  Chicago. 

on  the  Integration  of  the  Differential  Equations  of  Motion 

in  the  Problem  of  Two  Bodies •     70 

Leavenworth,  Prof.  F.  P.,  Univ.  of  Minnesota,  Minneapolis. 

Micrometrical  Measures  of  W.  70  Ophiuchi 05 

Observations  of  Comet  6  1896  =  1896  III -JS 

g  1896  =  1896VI1 181 

"  '•   (80)  Sappho 176 

Measures  oi   Double  Stars 177 

Levi  u  .  Mr.  G.,  Observatory,  Paris,  France. 

Ephemeris  of  d' Arrest's  Periodic  Comet  for  the  Coming 

Appearance  =  a  1897 112 

Los   Angeles   Cal.,  —  Lowe  Observatory. 

Observations  of  Supposed  Comet,  1896  Sept.  20 8 

Observations  of  Nebulas 27 

Lowell,  Mr.  Percival,  Lowell  Observatory,  Flagstaff,  Arizona. 

Polar  Cap  of  Mars,  —  a  telegram "2 

Canals  of  Mars,  —  a  telegram 100 

Third  Satellite  of  Jupiter,  —a  telegram 160 

Fourth  Satellite  of  Jupiter,  —  a  telegram 168 

Ltnw,  Mr.  W.  T.,  Blackheath,  London,  England. 

Eclipses  and  Chronology;  a  Final  Rejoinder 0 

M. 
Madison,  Wisconsin,  —  Washburn  Observatory. 

Observations  of  the  Leonid  Meteors  of  1890 05 

Mansi  iei  d,  Mr.  F.  J.  H.,  Observatory,  Boston  University,  Mass. 

Observations  of  Sunspots US 

•  anals  of ,  -  a  telegram  by  Loweli 103 

Polar  Capof, — a  telegram  by  Loweli 72 

Measures  of  Diameters,  by  Barnard 14,", 

Mars,  Satellites  of,  Observations  by  Barnakd 145 

rations  by  Scharbeble 110 

Rotation  of  Third,  —  a  telegram  by  Loweli 160 

Rotation  of  Fourth, — a  telegram  by  Loweli 168 

If             .  Secular  Perturbations  of,  by  Doolittle  .    .    .    .  9,  57,  105 
Meteors,  —  The  November  Leonids  of  1S96. 

Observations  by  Barnard 40 

"           "   Comstock  and  Flint .35 

"           "  Sawyer     05 

Middletown,  Conn.,  —  Wesleyan  University  Observatory. 

ies  of  Double  Stars 101 

Minneapolis,  Minn.,  —  Observatory  of  University  of  Minnesota. 

Measures  of  Double  Stars :;.",.  177 

ations  of  Comet  6 1896  =  1896  III 4S 

Moon's  Motion,  Explanation  of  Error  in  Theory  and  Tables  of, 

by  Mm  KWELI 137 

MOBG  \n.  Mr.  II.  II.,  Leander  McCormick  Observatory,  Univer- 
sity of  Virginia. 

Observations  of  Comet  y  1890  =  1890  VII 111! 

Motion  of  Two  Bodies,  Integration  of  the  Differential  Equations 

of,  by  Laves 73 

Mt.  Hamilton,  Cal.,  —  Lick  Observatory. 

Observations  of  Comet  1895  I  \' GO 

1896III  =61896 150 

"     IV  =  e  1890 7 

"  V  =  o"1896 29,  91 

'     VI  =  c  1896(1889  V)  ...  30,  182 

"  VII  =0 1896  .55,  71,  91,  152,  168 


Mt.  Hamilton,  Cal.,      Lick  Observatory. — Cont. 

Observations  of  Comet  1897—  =/ 1896   .   .    .      81,89,78,91 

a  1897  =  d'  Arrest's 184,192 

■■    Comp'n-Stars  for  Comet  1896  VI=c  1896,     23 

■■    Counterglow     151 

■■    Diameter  of  Mart 145 

••    Double  Stars  .    .   .26,27,37,58,76,97,149 

■'    Procyon 07,  76,  149 

"  ••    Satellite  (Fifth)  of  Jupiter ill 

■■    Satellites  of  if ara 113,  145 

"  ••    Satellite  ol   Neptune 02 

•'     SiliuS 20,  27,  70 

"  ••    SlOEphemeris-Stars 185 

Search  for  Supposed  Comet  of  1896  Sept.  20 100 


X. 

Nebulas,  Catalogue  No.  1  for  1900.0,  by  SwWT 27 

Neptune,  Satellite  of,  Measures  of  the,  by  Drew 101 

"  S.  11  LEBERLE       ...       62 

New  Astronomical  Works. 

Catalog  tier  Astronomischen  Gesellschaft.     Zone  +15°  bis 

+20°.     Auweks 32 

Researches  on  the  Evolution  of  the  Stellar  Systems,  by  See  72 
Formation  Mecanique  du  Syst't  me  <ln  Monde,  par  Morecx,  72 
Osservazioni  Astronomichi  <  Fisichesull'assedi  rotazione 

esullatopografiadelplanetaMarte:  Schiaparelli  .     80 
Annalen   der   Kaiserlichen   Unioersitats-Sternwarte    in 

Strassburg.     E.  Becker 80 

Publications  of  the  Washburn  Observatory  of  University 

of  Wisconsin.  1890 88 

I \  rojfi  ntlichungun  der  Grossherzog lichen  Sternwarte  zu 

Karlsruhe;  Funftes Heft.     Vai.e.ntineu 96 

Newcomis,  Prof.  Simon,  Washington.  D.C. 

On  the  Solar  Motion  as  a  Gauge  of  Stellar  Distances   .   .      41 
Note  on  Nvllns  Determination  of  Constant  of  Aberra- 
tion at  Pulkowa 90 

A  New  Determination  of  the  Precessional  Motion    ...     161 
Northfield,  Minn.,  —  Goodsell  Observatory. 

Observations  of  Comets  1890 IV,  V,  VI  =  e,  d,  c  1890  .    .      10 

Observations  of  Comet  1896  VII  =  g  1896      131 

Observations  of  (SO)  Sappho 170 

Notice.     Asking  for  Observations  of  Comet  6  1890  =  1896  III  .      16 

Asking  for  Observations  of  Comet  1S95  IV 24 

Asking  for  Meridian  Observations 95 

Change  in  Title-heading  of  Astronomical  Journal  ...  48 
Choice  of  Associate  Editors  of  Astronomical  Journal  .  .  56 
Concerning  Subscriptions  to  Astronomical  Journal  .    .    .    104 

Concerning  Sets  of  Astronomical  Journal 128 

Nvuex,  Dr.  M.,  Pulkowa,  Russia. 

On  the  Determinations  of   the  Constant  of   Aberration 

made  at  Pulkowa 89 

Note  on  Dr.  Chandler's  Article  ,-On  Nyben's  Vertical- 
Circle  Observations  1882-91,"  A.J.  400 147 


O. 

Ogbtjen,  Mr.  John  EL,  Lehigh  University,  Bethlehem,  Penn. 

Ephemeris  of  Minor  Planet  (3^7) 4 

Observations  of  Comet  1890  VII  and  Minor  Planets     .    .     117 

Orbit  from  Three  Complete  Observations,  Short  Formulas  for 

Gatfss's  Method  of  Computation-of,  by  Seable  .   .    .      20' 


1  X  I )  E  X  . 


197 


Parallax  of  611  Cygni,  Deduced  from  Rutherfurd  Photographic 

Measures,  by  Davis MO 

Pabkhukst,  Mr.  Henry  M..  Brooklyn,  N.Y. 

Noil's  (in  Variable  Stars,  —  No.  15 25 

"      "  "  "  "Hi 05 

"       "  "  "  "17 122 

"       "  "  "  "IS 147 

Parkiurst,  Mr.  J.  A.,  Marengo,  111. 

Maxima  ami  Minima  of  Long-Period  Variables  .      5,  102,  167 
Positions  of  Some  New  Variables  and   Neighboring  Com- 
panions for  Identification 7!) 

On  Andebson's  New  Variable  in  Andromeda SO 

Observations  of  Recently  Discovered  Variables 87 

Maximum  of  2815  0  Geminorum 1S2 

Perrine,  Mr.  C.  D.,  Lick  Observatory,  Mt.  Hamilton,  Cal. 

Elements  of  Comet  (71800  =  1896  V 7,91 

Elliptic  Elements  and  Ephemerisof  <  !omet  d  1S96=1S90  V,     23 

Observations  of  Comet  d  1896  =  1896  V 29 

Observations  of  Comet/ 1896  =1S97— 31,30,91 

Elements  and  Ephemeris  of  Comet/  1800   .    .    .  31,  30.  38,  04 
Observations  of  Comet  g  1896  =  1896  VII    -   .    .   .55,91,152 

Elements  of  Comet  g  1S96  =  1806  VII 56 

Observations  of  Comet  1895  IV 00 

Elliptic    Elements   and   Ephemeris   of   Comet   g    1896  = 

1896  VII 71,  78,  93 

Rediscovery  of  n' Arrest's  Comet  =  o  1S97 184 

Observations  of  d' Arrest's  Comet  =  a  1897 102 

Perry,  Mr.  Arthur C,  Brooklyn,  N.T. 

Observations  of  Variable  Stars 26,  66,  124,  148 

Probable  New  Variable  in  Puppis 110 

Perturbations  of  Mercury,  The  Secular,  by  Doolitti.e    .  9,  57,  105 
Photographic  Measures,  Differential  Refraction  for,  by  Jacobt,     22 
u  it  u  n  .i      ,i  Turner,    45 

Polar  Motion.  —  see  Latitude,  Variation  of. 
Poor,  Dr.  Chas.  Lane,  Johns  Hopkins  Univ.,  Baltimore,  Md. 

Finding-Ephemeris  for  Comet  c  1890  =  1896  VI  (1889  V),  14,  39 
Porter,  Prof.  J.  G.,  Cincinnati  Observatory,  Cincinnati,  Ohio. 
Notes   on   Proper  Motions   of    Stars    in  Zone  50° -55° 

North  Declination Ill 

Poughkeepsie,  N.Y.,  —  Observatory  of  Vassar  College. 

Observations  of  Comet  1S96  III  =61896 37 

"       "      1896  VII  =  g  1890 50,72,92 

■'       "     /1890  =  1897— 37 

"    Minor  Planets 37,77,144,181 

Precessional  Motion,  New  Determination  of,  by  Xewiomb  .    .     101 
Pritchett,  Prof.  Henry  S.,  Washington  Univ.,  St.  Louis,  Mo. 

Double-Star  Measures 100 

The  Companion  of  Sirius 120 

Procyon,  Discovery  of  Companion,  by  Schaeberle 37 

Measures  of,  by  Aitken 76 

"    by  Hi-ssey 149 

"  "    by  SCHAEBERLE 76 

Proper  Motions  of  Stars  in   Zone  50° -55°  North  Declination, 

by  Porter Ill 


0- 
QuiMBT,  Rev.  A.  \V.,  Berwyn,  Penn. 

Sunspot  Observations,  1896  July  1  —  Dec.  31 69 

"  1897  Jan.  1  —  June  30    .    .    .    .  1S3,  191 


R. 
Rees,  Prof.  J.  K.,  Columbia  University,  New  York. 

The  Variation  of  Latitude  at  New  fork  ami  a  Determina- 
tion of  the  Constant  d'    Uierration  i'i Observations 

at  the  Observatory  of  Columbia  University 129 

Refraction  Of  Photograph  ie  Measures,!  In  I  )ilt.-r.-iil  ial,li>  .1  \<  i  USY,      Tl 
ii  u  ii  ii  u  u  ii  ']',  l:N  ER]      I.- 

Ristenpabt,  Dr.  P.,  Heidelberg,  Germany. 

Elements  ami  Ephemerisof  Comet  g  1896  =  1896  VII  .  02,  120 

Roy,  Mr.  Arthur.).,  Dudley  Observatory,  Albany,  N.Y. 

Observations  of  C t  6  1896  =  1896111 38 

New  Variable  in  Virgo 110 

s. 
Saturn,  Eccantricity  and  Longitude  of  Perihelion,  by  II11.1.  .   .      si 
SAWYER,  Mr.  Edwin  F.,  Brighton,  Mass. 

A  New  Short-Period  Variable  in  Gemini 3 

The  November  Leonids 85 

Observations  of  Variable  Stars  of  Long  Period 115 

Schaeberle,  Prof.  J.  M.,  Lick  Observatory,  Mt.  Hamilton,  Cal. 

Discovery  of  the  Companion  to  Pro cy on *37 

Measures  of  the  Binary  System  of  85  Pegasi 53 

Micrometric  Observations  of  the  Satellite  of  Neptune  .  .  62 
Observations  of  the  Companion   to  Procyon  and  of  the 

Companion  to  Sirius 76 

Observations  of  the  Fifth  Satellite  of  Jupiter Ill 

Observations  of  the  Satellites  of  Mars  during  the  Opposi- 
tion of  1S96  .   .        113 

Fundamental   Errors   in   the   Almanac-Positions   of    the 

Principal  Observatories  of  the  World 140 

Seares,  Mr.  F.  H.,  Students'  Observatory,  Berkeley,  California. 

Elements  of  Comet  d  1896  =  1890  V 7 

and  Ephemeris  of  Comet  e  1896  =  1896  IV  .  .  7 
"  "  (21896  =  1S96V  .  .  15 
"       "       /1S96  =  1897—  .    .    .      36 

of  Comet  g  1890  =  1890  VII 50 

Searle,  Rev.  Geo.  M.,  Catholic  University  Obs'y,  Wash.,  D.C. 

Elliptic  Elements  and  Ephemeris  of  Comet  d  1890=1890  III  13 
Short  Formulas  for  Gauss's   Method  of  Computation  of 

an  Orbit  from  Three  Complete  Observations 20 

Geographical  Position  of  the  Observatory  of  the  Catholic 

University,  Washington,  D.C 112 

See,  Dr.  T.  J.  J.,  Lowell  Observatory,  Flagstaff,  Arizona. 

Rediscovery  and  Measurement  of  the  Companion  of  Sirius,       1 
Discovery  of  Three  Brilliant  Stellar  Systems  in  the  South- 
ern Hemisphere 0:1 

Note  on  the  Double  Star  fi  Velorum  (Russell  155)  ....  1 10 
On  the  Magnitudeof  the  Variable  Star  ,t  Carinae  in  1S'.I7,  110 
Micrometrical  Measures  of  F.  70  Ophiuchi,  with  Remarks 

on  the  Pertubation  of  the  System 180 

Sirius,  The  Companion  of. 

Rediscovery  and  Measurement  by  Sir. 1 

Telegram  concerning,  by  Holden 20 

Measures  by  Aitken 27 

"        "  Brown 40 

"        "  Pritchett 120 

"        "  Schaeberle 70 

Solar  Motion  as  a  Gauge  of  Stellar  Distances,  by  Newcohb  .    .      41 
South  Bethlehem,  Pa.,  —  Sayre  Observatory. 

Observations  of  Comet  1800  VII  ami  Minor  Planets  .    .    .     117 
Sperra,  Mr.  W.  E.,  Randolph,  Ohio. 

On  the  Variation  of  SAWYER'S  New  Short-Period  Variable 
in  Gemini 54 


I'.IS 


1  N  1  >  E  X  . 


Spi  rba,  Mr.  W.  K..  Randolph,  Ohio.—  I 

Observations  of  Variable  Stars,  —  No.  3 70 

Min.  of  the  Algol-Type  Variable  820  U  Cej  '■■'.  i-"i   i-:»;.  101 

Observations  of  Variable  Stars,      No.  4 lis 

Stars,  Double. 

Obsei  ■  \i :  ki  \ 27,  76 

Brown 46 

•■    ■•  Christie 81 

■•     ••   Ell  111  I  B]  BO  IK 101 

••     ••  Hi  --kv 97,  149 

"          ••    ■•  Leavenworth     85,  1 77 

'•    ••  Pmti  hi  i  i 1""-  120 

•■       ••    Si   II  \1  ■  1:1   RLE        37,  53,   76 

"  ••        ■■     S|;, 1.    98,     11!'.     ISO 

Discover;  of  Companion  of  Procyon,  bj  Schaebeble  .  37 

"          "   Sirixis,  i'>  See l 

"  Three  Double  Stars,  oy  See 93 

Telegram  concerning  Companion  of  Sirius,  bj  Boldes  .  26 

dii.it.it  F. 70  QpftiueM,  bj.  Doolittle  .  .••....  121 

Note  on  the  Binary  Star,  Lac.  7215,  by  Innes 2 

si  41  1'usitions. 

Meridian-Circle    Observations  <>f    Comparison-Stars    for 

Cornel  1896  V  I  =  c  1896,  bj  Ti  Ckeb    .    - 23 

Comparison  of  Standard  Star-Places  with  Observation,  bj 

Tuckeb 4il 

Correction  of  the  330  Pnlkowa  Haupsterni  for  Latitude- 
Variation,  bj  Chandleb 143 

Observed  Places  of  310  Ephemeris-Stars,  bj  Ti  ckeb  .   .    185 
St.  Louis,  Mo.,  —  Morrison  Observatory. 

Measures  of  Double  Stars 100,120 

Stockui  ii  .  Prof.  John  X.,  Cleveland,  Ohio. 

An  Explanation  of  the  Errors  in  tin- Theory  and  Tables 

of  the  Moon's  Motion 137 

Stone,  Prof.  Ormond,  L.  McCormick  Obs'y,  Univ.  of  Virginia. 

Filar-Micrometer  Obs'ns of  Comets  (1896  V,  VI,  Vlland/)  116 
Sunspots,  Observations  of,  1896Dec.    1897  Feb.,  by  Mansfield,  US 
Observations  of  1896    July  -  Dec,    1897   Jan.  -  June, 

bj  Ql  imi;v 08,  1S3,  191 

Observations  of,  1896  Dec. -1897 Feb.,  by  Tillson  .   .   .    118 
Suspected  Variables. 

£857)  —  Ceti,  Observations  by  H.  M.  Pabkhubst    .   .  .    125 

S.DM.  — 20  2007,  Announcement  b\  Peeei 110 

Virginia,  121 :.'.'.'".'.»  ,  +4:  56',  Announcement  by  Roy,  110 

DM. +27°2772  Observations  by  Yendkli 12 

DM.  -f-  4°4332  Observations  by  Yendell 12 

"       Observations  by  J.  A.  Pabkhubst   ...      12 
s«  n  t,  Prof.  Lewis,  Echo  Mountain,  Los  Angeles,  Cal. 

Note  on  supposed  C< t,  1896  Sept.  20 8 

Catalogue  No.  1  for  1900.0  of  Nebulas 27 

T. 
TiLLSON,  Mr.  L.  <).,  Boston  University  Observatory,  Boston,  Mass. 

Observations  of  Sunspots H8 

Tisseband,  Prof.F.  F.,  Noticeof 32 

Tovi  m  i.v.  Dr.  Sidney  I).,  Observatory,  Ann  Arbor,  Mich. 

Ephemeris  of  (16)  Psyche 87 

r,  Prof.  R.  II..  Lick  Observatory,  Mt.  Hamilton,  Cal. 

Observations    of    Comparison-Stars  for 

Periodic  Comet  c  1896  =  1896  VI  (1889  V) 23 

rfson  oi  Si  indard  star-Places  with  Observation  .  .     49 
Variations  in  the  Declination-System  of  the  Bi  i  litu  i  Jahr- 

buck |nT 

Observed  Places  of  310  Ephemeris-Stars 185 


Ti  i:\i.i..  I'm t.  II.  II..  Radcliffe  Observatory,  Oxford,  England. 

On  Differential  Refraction  for  Photographic  Measures         4.". 


i  Diversity  oi  Virginia, —  Leander  McCormick  Observatory. 

Observations  of  Comets  (1898  V,  VI,  VII  and/) .  .  .  .  116 
University  Park,  Coin..  —  Chamber] in  Observatory. 

Observations  of  Cornel  1894  IV 18 

1'rm  i.i:  \i  i .  Prof.  Milton,  Laws  Observatory,  Columbia,  Missouri. 

Observations  of  Comets  (1895  IV;  18961,111) 47 

V. 
Variable  Stars. 

Ephemeris  of  Long-Period,  for  1897,  by  Chanolbb    .   .      17 

Notation  of  Recently  Discovered,  by  Chandler  ....     G4 

103  TAndromedae,  Obsns.  by  II.  M.  Parkhorst,    .  124,  125 

Observations  by  J.  A.  Parkhurst n;7 

Observations  by  Sperra 70 

419  U Andromedae,  Observations  by  Yenm-.u 79 

267  V  Andrmwdae,  Observations  by  J.  A.  1'aRKHOBST,  80,  87 

Observations  by  Xendeli 192 

Position  by  J.  A.  Parkhurst 80 

8280  SAquarii,  Observations  by  H.  M.  Parkhurst  .  .  .  124 
Observations  by  Perry 1 24 

74G8  TAquarii,  Observations  by  H.  M.  Parkhurst  .  .65,67 
Observations  by  PEBBY 07 

7450  V  Aquarii,  Observations  by  Yendell 79 

7124  jj  Aquilae,  Observations  by  Sperra 119 

7242  S Aquilae,  Observations  by  11.  M.  Parkhurst  .  .  G5,  66 

Observations  by  Perry 66 

Observations  by  J.  A  Parkhurst 6 

Comparison-Stars  for,  by  J.  A.  Parkhurst   ...        6 

G900  W Aquilae,  Observations  by  H.  M.  Parkhurst  .  .  65,  06 

7118  X  Aquilae,  Observations  by  H.  M.  Pabkhubst  .    .  65,  66 

Observations  by  J.  A.  Parkhurst 6 

Observations  by  YlCNDKI.L 27 

Comparison-Stars  for,  by  J.  A.  Parkhurst    ...       G 

G854  Y Aquilae,  Observations  by  Yexdei.l 68 

72G0  Z  Aquilae,  Observations  by  H.  M.  Parkhurst  .    .  65,  66 

Comparison-Stars  for,  by  II.  M.  Parkhurst  .  .  .  67 
7155  JIR  Aquilae,  Observations  by  H.  M.  Parkhurst   .  G5.GG 

Comparison-Stars  for,  by  II.  M.  Parkhurst  .    .   .      07 

Position  by  J.  A.  Parkhurst      79 

71G2  US  Aquilae,  Observations  by  II.  M.  Parkhurst  .  G5,  GG 

Position  by  J.  A.  Parkhurst 79 

782  B  Arietis,  Observations  by  II.  M.  Parkhurst   .  124,  125 

Observations  by  PERRY 124,  125 

715  8  Arietis,  Observations  by  Pebry 124,125 

976  T  Arietis,  Observations  by  H.  M.  Parkhurst  .   .   .  148 

Observations  by  Perry 148 

Comparison-Stars  for.  by  II.  M.  Parkhurst  .    .    .  149 

1113  U Arietis,  observations  by  II.  M.  Parkhurst  .    .    .  148 

Observations  by  Yendei.i 79 

2013  UAurigae,  Position  by  J.  A.  Parkhurst 79 

2258  V  Aurigae,  Observations  by  J.  A.  Parkhurst  .   .  168 

5237  /.'  Bootis,  observations  by  II.  M.  PARKHUBST    ...       25 

Observations  by  Sperra 70 

5194  V  Bootis,  Observations  by  Gili 95 

Observations  by  n.  M.  Parkhurst 25 

1662  B  Caeli,  Observations  by  West 3 

5190  7.'  Camelopardalis,  Revised  Elements  by  Chandler,  128 

1981  8  Camelopardalis,  Observations  by  Sperra   ....  70 

1623  T  Camelopardalis,  Observations  by  Sperra   ....  70 


INDEX. 


L99 


Variable  Stars.  —  Cont. 

2689  /.'  Canis  minoris,  Obsns.  by  II.  M.  Parkhurst  .  lis,  1 4 ;  > 

Observations  by  Perry 14'.) 

Comparison-Stars  for,  by  II.  M.  Parkhurst  .  .  .  H!> 
2684  S  Canis  minoris.  Observations  by  II.  M.  Parkhurst,  14'J 
7234  It  Capricorni,  Obsns.  by  II.  M.  Parkhurst  .  .  .  65,  66 
7577  X  Capricorni,  Observations  by  II.  M.Parkhuhst  .  124 
7590  Z  Capricorni,  Observations  by  II.  M.  Parkhurst  .  124 
7538  RE  Capricorni,  Confirmation  and  Obsns.  by  West  .     88 

8847  rt  Carinae,  Observations  by  She 11!) 

3495  I  Carinae,  Observations  and  Period,  by  Innks  .   .   .     '.15 

s:;24  V  Castiopeae,  Obsns.  by  J.  A.  Parkhurst  .   .   .  10.'!.  ins 

294  W  Cassiopeae,  Obsns.  by  .1.  A.  Parkhurst    .   .  102,  107 

Observations  by  Sperra lis 

659  A"  Cassiopeae,  Observations  by  .1.  A.  Parkhurst  .  5,  102 

Comparison-Stars  for,  by  J.  A.  Parkhurst  ...       5 

4225  X Centauri,  Observations  by  West 3 

320  U  Cephei,  Observations  by  Sperra 101 

Revised  Elements  ami  Ephemeris,  by  Cfl  indlkr  .      94 
806  0  Ceti,  Observations  by  H.  M.  Parkhurst  .   .    .  124,  125 

Observations  by  Perry 124,  125 

Observations  by  Sawyer ...    115 

845  H  Ceti,  Observations  by  Pkrry 121,  125 

Observations  by  Sawyer 115 

Observations  by  Yendell 79 

100  T  Ceti,  Observations  by  Sawyer 115 

893  U  Ceti,  Observations  by  H.  M.  Parkhurst    .   .  124,  125 

Observations  by  Sawyer 115 

8597  V  Cell,  Observations  by  H.  M.  Parkhurst    .   .  124,  125 

Observations  by  Perry 125 

8622  W  Ceti,  Observations  by  H.  M.  Parkhurst  .  .  124,  125 
1166  X  Ceti,  Observations  by  H.  M.  Parkhurst  ....  148 
4315  R  Comae,  Observations  by  J.  A.  Parkhurst    ...        5 

5G67  R  Coronae,  Observations  by  Saw ykr 115 

5675  V  Coronae,  Observations  by  Gii.i 95 

Observations  by  H.  M.  Parkhurst 25,  26 

6686  U Coronae  Austr.,  Confirmation  anil  Obsns.,  by  Wkst    88 

7754  W  Cygni,  Observations  by  Sawyer 116 

7437  X  Cygni,  Observations  by  Sperra 119 

Observations  by  Yendeli 68 

7192  Z  Cygni,  Observations  by  Ykndeli 27 

745G  RR  Cygni,  Observations  by  H.  M.  Parkhurst  .    .  65,  67 

Observations  by  Perry G7 

7085  R T  Cygni,  Observations  by  Gill 95 

Observations  by  J.  A.  Parkhurst 6,  102,  1C8 

Observations  by  Sperra 118 

Observations  by  Yendeli 27 

7351  RW  Cygni,  Observations  by  H.  M.  Parkhurst    .  65,  66 

Comparison-Stars  for,  by  H.  M.  Parkhurst  ...      67 

7240  RY  Cygni,  Observations  by  Yendeli 27 

7492  if Z  Cygni,  Observations  by  J.  A.  Parkhurst  .  .  .  103 
7792  SS  Cygni,  Observations  by  J.  A.  Parkhurst   ...      87 

Observations  by  Spehra 128 

Observations  by  Yendell 103 

7261  R  Delphini,  Observations  by  H.  M.  Parkhurst  .  65,  66 
7458  V  Delphini,  Observations  by  H.  M.  Parkhurst    .  G5,  67 

Observations  by  J.  A.  Parkhurst 102 

Observations  by  Yendell 79 

7399  W Delphini,  Observations  by  H.  M.  Parkhurst  .  65,  67 
7502  X Delphini,  Observations  by  H.  M.  Parkhurst  .    .    124 

5955  R  Draconis,  Observations  by  Gill 95 

6449  T  Draconis,  Observations  J.  A.  Parkhurst      .    .    .    102 

1386  T  Eridani,  Observations  by  West 3 

2742  8  Geminorum,  Obsns.  by  II.  M.  Parkhurst   .    .  148,  149 


Variable  Stars.  —  <  'ont. 

2742  8  Geminorum,  Observations  by  Perry  .  .  .  .148,149 
2780  T Geminorum,  obsns.  by  II.  M.  Parkhursi   .   .  148,  149 

Observations  by  Ferry 149 

2815  U  Geminorum,  Observations  by  Hagen 127 

Observations  by  J.  A.  Parkhurst 182 

Observations  by  Sperra 70,  118 

2885  W  Geminorum,  announcement  by  Sawyer   ....       3 

Observations  by  Sperra 54 

Observations  by  Ykndeli 12 

5912  g  Herculis,  Observations  by  Sawyer 115 

6044  8  Herculis,  Observations  by  II.  M.  Parkhurst    .  25,  26 

Comparison-Stars  for,  by  H.  M.  Parkhurst  .  .  26 
6512  T  Herculis,  Observations  by  Gim 95 

Observations  by  II.  M.  Parkhurst 25,20 

Observations  by  I'krry 26 

5758  X  Herculis,  Observations  by  Sawyer     115 

5952  Y  Herculis,  Observations  by  Yendeli 67 

6225  R 8  Herculis,  Observations  by  Yendeli 27 

4826  7i  Hydrae,  Observations  by  Sperra 70 

3796  U  Hydrae,  Observations  by  Sawyer 115 

3425  X  Hydrae,  Observations  by  West 3 

8068  8  Lacertae,  Observations  by  Yendell 27 

3493  JB  Leonis,  Observations  by  Sawyer 116 

Observations  by  Sperra 70 

3S90  W  Leonis,  Observations  by  J.  A.  Parkhurst  .  .  .  168 
1771  R  Leporis,  Observations  by  H.  M.  Parkhurst  .    .    .    14s 

2170  S  Leporis,  Observations  by  Sawyer 115 

5430  T  Librae,  Observations  by  II.  M.  Parkhurst  .  .  25,  26 
5617  If  Librae,  Observations  by  II.  M.  Parkhurst  .  .  25,  26 
5249  V Librae,  Observations  by  II    M.  PARKHURST    .    .  25,  26 

Comparison-Stars  for,  by  H.  M.  Parkhurst  ...  26 
5593  W Librae,  Observations  by  II.  M.  Parkhurst  .  .  25,  26 
5583  X Librae,  Observations  by  J.  A.  Parkhurst  ...  5 
5438  Y Librae,  Observations  by  H.  M.  Parkhurst  .  .  25,  26 
5511  RS  Librae,  Observations  by  H.  M.  Parkhurst  .   .  25,  26 

Comparison-Stars  for,  by  H.  M.  Parkhurst  ...  26 
5405  BT Librae,  Observations  by  H.  M.  Parkhurst  .  .  26 
5566  RU Librae,  Observations  by  H.  M.  Parkhurst  .   .  25,  26 

6794  R  Lyrae,  Observations  by  Sawyer 116 

6894  S  Lyrae,  Observations  by  H.  M.  Parkhurst  ...  65,  66 
6871  V  Lyrae,  Observations  by  H.  M.  Parkhurst     .   .  65,  66 

Observations  by  J.  A.  Parkhurst 102 

Observations  by  Perry 66 

Observations  by  Yendell 27 

Comparison-Stars  for,  by  II.  M.  Parkhurst  ...  67 
6549  W Lyrae,  Observations  by  J.  A.  Parkhurst     .   .    .    102 

Observations  by  Yendell 27 

2279  T  Monocerotis,  Observations  by  Sperra 70 

Observations  by  Yendell 67 

2266  V Monocerotis,  Observations  by  II   M.  Parkhurst  .     14'.) 

Comparison-Stars  for,  by  II.  M.  Parkhurst  .  .  .  149 
2445  W Monocerotis,  Obsns.  by  H.  M.  Parkhurst  .    .  14s,  14:) 

Observations  by  Perry 149 

6132  R  Ophiuchi,  Observations  by  H.  M.  Parkhurst  .  25,  26 
5931  S  Ophiuchi,  Observations  by  II.  M.  Parkhurst  .  25,  26 
6682  X  Ophiuchi,  Observations  by  II.  M.  Parkhurst   .  25,  26 

Observations  by  Perry 26 

6207  Z  Ophiuchi,  Observations  by  H.  M.  Parkhurst   .  25,  26 

Observations  by  J.  A.  Parkhurst 102 

1944  S  Orionis,  Observations  by  H.  M.  I'arkhursi    .  14s.  1  j:> 

Observations  by  Perry 148,  149 

2100  U  Orionis,  Observations  by  H.  M.  Parkhurst    .    .     149 

Observations  by  Perry 148,  149 


200 


[  N  D  1  •:  X 


Variable  Stars.  —  Cont. 

2100  U  Orionis,  Observations  by  Sawykr 115 

Observations  by  Sperra "0 

1805  1  Observations  by  H.  M.  Paukhursi    .   ,    148 

Observations  by  J.  A    Parkhurst 167 

Observations  by  Ybkdrli 79 

1800  W  Orionis,  Observations  by  H.  M.  Parkhurst   .   .    148 
i  .  Observations  bj  11    M.  Parkhi  rsi       .   .    124 

atlons  by  Perry 124 

7944  r  Pegasi,  Observations  by  H.  M    Parkhurst.   .   .    124 

8598  U  Pegasi,  Observations  by  Sprrra 119 

7896  V  Pegasi,  Observations  bj  J.   \    Parkhurst    .    .   .    168 

serrations  by  Perry 124,  12S 

Observations  by  Ybkdrli 27 

1072 p  Pertei,  Observations  by  Sawyer H"> 

1222  B  Persei,  Observations  by  Pkrry 14s 

578  |    p    j      Observations  by  J.  A.  Parkhurst  .   .  .5.107 
Comp.-Stars  and  Light-Curve,  by  J.  A.  Parkhurst, 

9so  V  Persei,  Observations  by  Yrndeli 79 

618  S  Piscium,  Observations  by  II.  M.  Parkhurst  .  124,  12S 

ations  by  Perry 125 

484  S Piscium,  Observations  by  Perry 124,125 

4GG  V  Piscium,  Observations  by  H.  M.  Parkhurst  .  124,  125 

Observations  by  Perry 125 

•_>  7  7 1 ;  W Puppis,  Observations  by  West 3 

Observations  by  H.  M.  Parkhurst 149 

i  Puppis,  Observations  bj  Perry 14s,  149 

Comparison-Stars  for,  by  H.  M.  Parkhurst  .    .   .    149 
3244  SPyxidis,  Confirmation  and  Observations,  by  West,      3 

7257  B  Sagittae,  Observations  by  Perry 65,66 

Observations  by  Yrndeli 68 

7149  S  Sagittae,  Observations  by  Yrndeli 68 

6905  R  Sagittarii,  Observations  by  H.  M.  Parkhurst  .  65,  66 

Observations  by  Perry 66 

!arii   i  ibservations  by  II.  M.  Parkhurst  .  65,  66 

Observations  by  Perry 66 

6686  U  Sagittdrii,  Observations  by  Gili 95 

at  Ions  by  Sperra 119 

Observations  by  Yendeli 68 

G472  W  Sagittarii,  Observations  by  Yendeli 68 

6868  X  Sagittarii,   Observations  by  Yendei.l  .....     67 

6573  I  Observations  by  Yendrli 68 

6923  Z  Sagittarii,  Observations  by  II.  M.  Parkhurst    .     66 
6888  BW  Sagittarii,  Observations  by  H.  M.  Parkhurst,  65, 66 

Observations  by  Perry 66 

6892  BX  Sagittarii,  Observations  by  H.  M.  Parkhurst,  65,  66 

Observations  by  Perry 66 

5830  B  Seorpii,  Observations  by  J.  A.  Parkhurst  ...       6 

i.  Observations  by  J.  A.  Parkhurst    ...       6 

5795  w  j,  0rpU,  I  ibservations  by  II-  M.  Parkhurst  .   .  25,  26 

i  iservations  by  West 54 

62  S  ibservations  by  West 3 

146  TSculptoris,  Observations  by  West 3 

268  Z  Sculptoris,  Confirmation  ami  Obsns.,  by  West  .     88 
'.oris.  Confirmation  and  Obsns.,bj  West.   .     88 

6733  B  Scuti,  Observations  by  Gili 95 

rations  by  Perry  . 26 

Observations  by  Sawybr 115 

Observations  by  Yendeli ■      68 

5501  S  Serpentis,  Observations  by  Gili 95 

rations  by  H.  M.  Parkhursi 25,26 


Variable  Mars.  —  Cont. 

5501  6  Serpentis,  Observations  bj  Sawyer 116 

Comparison-Stars  for,  by  II.  M.  Parkhurst  .       .  26 

1577  B  Taurt,  Observations  by  H.  M.  Parkhurst       ,   .  148 

Observations  bj  Perry 148 

1582  8  Tauri.  Observations  by  H.  M.  Parkhursi    ,   .    .  148 

Observations  by  Perry 148 

1717  V  Tauri,  Observations  by  Perry 148 

90i:  /.'  Trutinjuli,  observation*  by  Sawykr 115 

3825  /,'  Ursae  Major  is,  Observations  by  Sperra    ....  70 

1567  S  Ursa*  Uajoris,  Observations  by  Gili 94 

5601  S  Ursae  minor  is.  Observations  by  J.  A.  Parkhurst,  6 

Observations  by  Yrndeli 79 

Comparison-Stars  for,  by  J,  A.  Parkhurst  ...  G 

4521  B  Virginis,  Observations  by  Giu 94 

Observations  by  Sawykr 115 

Observations  by  Sprrra lis 

4847  S  Virginis,  Observations  by  Gili 94 

Observations  bj  Sawyer 115 

1816  V  Virginis,  Observations  by  Gili .  94 

Observations  by  Sperra 118 

4806  W  Virginis,  Observations  by  Yendeli 67 

75i;o  II  Vulpeculae,  Observations  by  Gn,i 95 

Observations  by  Perry 124 

Observations  by  Yendeli 79 

7483  X  Vulpeculae,  Observations  by  Yendeli 6s 

w. 

Washington,  D.C.,— U.S.  Naval  Observatory. 

Observations  of  Comet  1896      V  =  d  1896 15,160 

VI  =  c  1896    1889  V     .  55,  176 

VII  =  g  1S96 160 

••      1897— =/1896 40,160 

"   Companion  of  Shins 4r, 

■'    Minor  Planets 21,  24.  104 

West,  Prof.  Robert  II.,  Protestant  College,  Beirut,  Syria. 

Observations  of  Southern  Variables 3 

A  Neyi  Variable  of  Short  Period  in  Scorpius  (BY)  .       .     54 

Continuations  of  Variability       88 

Whitney,  Prof.  Mary  \V.,  Vassar  Coll   Obs'y,  Ponghkeepsie,  v   ■> 

Observations  of  Minor  Planets  and  Comets 37 

"  Comet  g  1896  =  1896  VII    .   .    .   .66.72,92 

"  •'    Minor  Planets 77.  111.   1-1 

William's  Bay,  Wise,  —  Yerkes  Observatory. 

Observations  of  the  Counterglow 151 

••     "    November  Leonids,  1896 40 

Wilson,  Dr.  H.  C,  Goodsell  Observatory,  Northfleld,  Minn. 

Observations  of  Comets  (1896 IV,  V,  VI) 16 

Photograph  for  Position  of  Comet  1896  VII  =  p  1896  .    181 
"  (80)  Sappho 176 

Y. 
Ybndell,  Mr.  Pauls.,  Dorchester,  Mass. 

On  Sawyer's  Nevi  Variable  in  Gemini 12 

On  the  Variability  of  DM.  27°2772  and  DM.  4°4332    .   .      12 

Observed  Maxima  of  Variable  Stars 27 

Maxa.  and  Mina.  of  Short-Period  Variables,  1895-189?    •      67 
Observed  Maxima  and  Minima  of  Variable  Stars  .  .   .    •     79 

Note  on  the  Variable  7792  SS  Cygni 103,128 

On  Anderson's  New  Variable  in  Andromeda  (261  V)  .   ■   ■  192 

YOUNG,  Miss  Anne  S.,  G Isell  observatory,  Northfleld,  Minn. 

Elliptic  Klemellts  of  Comet  ;/  ls'.Hi 192 


T  1 1  E 


ASTRONOMICAL   JOURNAL 


FOUNDED      BY     B.      A.      GOULD 


E  [i  I  ti:  I)    i;  v 
SETH     C.     CH  ANDLKK 


A  s  sot:  I  A  I  E      E  I)  I  TO  B  S 

ASA  I'll      HALL     and     LEWIS     BOSS 


VOLUME    XVIII 

JULY     1897     TO     MARCH     IS  OS 
NUMBERS    409-432 


BOSTON 

1  8  98 


CONTENTS. 


No.  C.CCCIX. 

SKCl  i.\i:    I'ikii  BBATIONS   OF    \'i:\i  9    Bl     on:    ACTION   OF   MERCURY,    BY    ERIC  DOOLITTLE. 
OBSERVATIONS    OF    COMETS,    I1V    II.    (_'.    WlLSON. 

Obsebvations  of  the  Satellites  of  Uranus,  by  J.  M.  Schaeberle. 
Sunspot  Observations,  by  II.  II.  Morgan. 
Observations  of  Minor  Planets,   r,\    Mw:\    E.  Tarbox, 
Tiik  Astronomical  Joi  rnal. 

No.  CCCCX. 

Note  on  Prof.  Newcomb's  Determination  of  cat  Cons:  \nt  of  Precession  and  on  the  Paris  Conference  of  1800, 

by  Lewis  Boss. 
Double-Star  Measjjres,  by  S.  1!.  Soule. 
Doi  ble-Stah  Measures,  by  Mary  S.  Wagner, 
Notes  on  Variable  Stars,  —  No.  19,  by  Henry  M.  Pakkhurst. 
on  the  Proposed  Unification  of  Astronomical  Constants,  i ; \   s.  C.  Chandler. 
Observations  of  the-Partial  Solar  Ei  lipse,   L897  June  28. 
New  Astronomical  Work. 

No.  CCCCXI. 
Observations  of  Comet  lsito  VI  (=  1S89  V),  u\    Herbert  A.  Howe. 
Observations  of  the  Partial  Solar  Eclipse  of  1897  July  29,  by  E.  E.  Barnard. 
Solar  Eclipse  of  1897  July  29,  by  Wji,  F.  Rigge,  S.J. 

On  the  Formation  of  a  New  Division  in  the  ZJ-Rinc;  of  Saturn,   by  J.   M.  Schaeberle. 
Measures  of  70  Ophiuchi  (2  2272),  by  II.  S.   Pritohett. 
Ephemeris  of  Comet  a  1897  (D' Arrest's),  by  G.   Leveau. 
Observations  of  D' Arrest's  Comet  (=  a  1897),  by  E.  G.  Aitken. 

No.  CCCCX  II. 
The  Telegraphic  Longiti  de   Net  oi    hie  United  States  and    its  Connection  with  that  of  Europe,  as  Developed  bi 

the  Coast   i\h  Geodetic  Si  kvei   between   1866  and  1896,  by  Charles  A.  Schott. 
Photograph  of  an  August  Meteor,  by  E.  E.  Barnard. 
Observations  of  D' Arrest's  Periodic  Comet  =  a  1897,  by  C  D.  Perrine. 
Maxima  and  Minima  of  Long-Period  Variables,  by  .1.  A.  Parkiiurst. 
On  the  Recently  Announced  Companion  of  a  Lyrae,  by  Georoe  Anderson. 
Ephemeris  of  Comet  a  1897  (D' Arrest's),  by  G.  Leveau. 

Observations  of  the  Partial  Solar  Eclipse,  1897  July  28,  by  Sidney  D.  Townley. 
Solar  Eclipse  of  1897  July  28,  by  A.  S.  Flint. 
On  Anderson's  Two  New  Variables,  by  J.  A.  Parkhuhst. 
Note  on  the  Proper  Motion  of  Bradlei  2720,  by  .1.  G.  Porter. 
On  the  Binary  Star  0395,  by  PercivAl  Lowell. 

No.  CCCCXIII. 
Reasons    for   the   Adoption   of  New   Values   of  the    Precessional   Motions;    a   Reply   to   the    Remarks    oi   Boss  in 

A.J.  410,  by  Simon  Newcomb. 
On  a  Fundamental  Optical  Defect  in  the  Images  Formed  by  a  Parabolic  Reflector,  by  J.  M.  S<  haeberle. 
Confirmation  of  Variability,  by  J.  A.  Parkhubst. 
On  the  Nature  of  the  Light-Variations  of  3407  S  Antliae,  by  Wm.  E.  Sperra. 


iv  CONTENTS. 

No.  CCCCXIV. 

Oh  i  hi   Effect ib  Size  01  an  Objective  ok  mm  Visibility  of  Lini  lb  Markings  ok  rni    Planets,  bi  F.  L.  O.  Wadbworth. 

Ox  in i   Companions  m  \  i  ..  \.  a\   E.  i:    Bajrnabd. 

,i  \ii.i\~  ,u    mil  Partiai   Soi  lb  Eclipse,  I8fl7  Jm  28,  by  Milton  LTpdeobaff. 
Confirmations  oi   Variability,  bi    Roberi   II.  IVest, 
Observations  oi    Southern   Variable  Stabs,   bi    Robert  H.  West. 
Observations  oi   Chaldaea  (313),  bi   John   B.  Ogbubn, 
A  \k\\  Star  i\   mm   Nebui  \  "i   Obion,  bi    k.   P.  Li  lven  worth. 
New  Asi  ronomii  m    u  obks, 

No.  ('('('(XV. 

•  •\   Variabli    Stabs,      No.  20,  bi    II  i  \  \-.\    \i.   Parkhubst. 
Observations  oi    Comets   lnd  Asteroids,  bi   E.  Frisbi  . 
Note  os   mm    Precession  "i    mm    Equinoxes,  bi   John   \.  Stookwbll. 
Not]    bi    MM    Editor. 

NToti    ,'N   mm    Proper  Motion  of  Bbadlei  2918,  bi   .1.  0.   Porter. 
Observations  oi    Mimas   lnd  Bnceladus,  bi   Ormond  Stone. 
Measures  oi    8883,0552,   lnd  Sirius,  bi    R,  G.   Aitken. 
Corrections  mi  mm;  Article,  "Observed  Places  of  310  Ephemeris-Stars,"  in   No.  in-,   in    R.  II.  Tucker. 


No.  CCCCXVI. 
(In   mi    Causes  oi    mm    --in'-  Eqi  ltorial  Acceleration    lnd  the  Suns-pot  Pebiod,  by  K.  .1.  Wilczynski. 
Mi  lsures  oi    Doubli  Stars,  b\   Eric  Doolittle. 
Obsebt  \ii"N~  of  Variables  of  Long  Pebiob,  bi   Paul  S.  Vendell. 
Obbitax  Motion  of  the  companion  to  Pbocyon,  r.\   J.  M.  Schaeberle. 
Ox  the  Object  in  the  Nebula  of  Obion  announced  in  A.J. 414,  by  F.  I'.  Leavenworth. 
New   Asteroids. 
Comi  i   b  I -'.'7. 

Obsebvations  oj    Comi  i  b  1897  (Perrine).  by  C  D.  Pebbine. 
Obsebvations  oi    (omit?-  L897,  bi   .i.  G.  Porter. 
Obsebvations  of  Comi  i  '■  L897  (Pebbine),  by  Taylor  Reed. 
Resignation  oi    mi    Director  of  the  Lick  Obsebvatoby. 


No.  CCCCXVTI. 
Note  on  Doi  bli   Stabs  Discovebed  at  the  Babvabd  Observatory,  Arequipa,  by  R.  T.  A.  [nnes. 
Provisional  Resi  lts  of  Latitude-Observations  by  the  Hobbebow-Talcott  Method   lt  the  Royal  Obsebvatoby    lt 

Pb  lgi  i  .   bi    I..  Wi  IN  l  K. 
Obsebvations  of  mm    Satellites  of  Satubn,  by  Herbert  R.  Morgan. 
Comparison  of  mm:  Cordoba  Genebal  Catalogue  with  L.O.  310  Stars,  by  R.  II.  Tucker. 
Ephemeris  for  mm.  Ri  ii  i;n  m    Winnecke's  Comet,  by  C.  Hillebband. 
Obsebvations  oi    Soi  mm  kn   Variables  ix  1885-86,  by  A.  Stanley  Willi  wi-. 
Elements   lnd  Ephemeris  oi    i  omet  6  1897  (Pebbine),  r.\   W.  J.  Hussey  and  R.  G.  Aitken. 


No.  ((•('CXVIII. 

i:  Perturbations  ••!    Venus  bi    \ s  oj    Mars,  bi    Ebk    Doolittle. 

Remabks  on  the  Rediscovery  of  the  Companion  of  Sirh  -  ami  on  the  Elrmi  hts  oi    ibit,  by  T.  .1.  .1.  sef. 

(In  Tin:   COMPANIONS    1"    VEGA,    BY   .1.    M.   ScHAEBEBLE. 

The  Effei  c  i  pon  mm    Ei  it  bian  Pebiod  of  an  Inequality  ix  the  Equatorial  Moments  of  Inertia,  by  II.  V.  Hi.ni  hut. 

.-,  ltions  hi    D' Arrest's  Comet  (a  1897),  by  Stimson  .1.  Brown. 
Obsebvations  oi    Comet  6  1897,  by  J.  G.   Pobteb. 
Observations  oi   Comi  i  6  1897  (Pebbine),  b\   R.  i;.  Aitken. 

ltions  oi   (  uMi  i  ',  L897,  by  Maby  W.  Whitney  and  Caboline  E.   I'i  bness. 
Request  fob  Observations  oi    Comet  1896  VII. 


CONTENTS.  v 

No.  CCCCXIX. 
On  Intermediary  Orbits  in   mi:  Lunar  Theory,  nt   <;.  W.  Bill. 
On  the  Wobthlessness  of  a  Proposed  Form  oj    Telescope,  i-.y  J.  .M.  Schaebeble. 
Elements  and  Ephemeris  of  Comet  6  1897  (Perrine),  kv  C.  l».  Pebbine. 
Meridian-Circle  Observation  oi    Comei  61897,  nv  I!.  II.  Tucker. 

No.  ccccxx. 

The  Aberration  of  Parabolic  Mirrors,  bi   Charles  Lane  Poob. 

Observations  of  the  Binary  Systems  of  Sibius,  Peocyon    lnd  85  Pegasi  (/3788),  by  .1.  M.  Schaebeble. 

Observations  it  Minob  Planet  (194)  Pbokne,  kv  John  Tebbi  rr. 

Small  Stabs  near  Sibius,  bi    E.  E.  Babnabd, 

Elements  of  Comet  6  1897,  bi    II.  C.  Wilson. 

Ephemebis  of  Long-Period  Variables  for  1898,  bi   S.  C.  Chandler. 

No.  CCCCXXI. 
Results  of  Latitude-Observations  at  the  Imperial  Observatoby  of  Kasan,  b's    D,  Dubiago. 
The  Abebbation  of  Parabolic  Mirrors,  by  Charles  Lane  Poor. 
Notes  on  Variable  Stars,  —  No.  21,  by  IIlnki    m.  Pabkhubst. 
New  Asteroids. 

Observations  of  Minor  Planets,  by  John  H.  Ogbcrn. 
A  Criticism  of  Some  Recent  Theoretical  Results  of  Professor  Wadsworth,  Relating  to  the  Theory  of  Telescopic 

Images,  by  J..M-  Sciiaeberle. 
Observations  of  Comet  6  1897,  by  II.  C  Wilson. 
Observations  of  D' Arrest's  Comet  (a  1897),  by  C  D.  Perbine. 

COBBIGEND  \. 

No.  CCCCXXII. 
Obsebvations  of  the  Variables  Z  Herculis  and  FCygni,  with  Researches  on  their  Periods,  by  N.  C.  Duner. 
Observations  of  Long-Pebiod  Vabiables,  by  Paul  S.  Yendell. 
The  Leonids  ok  1897,  bv   E.   E.  Barnard. 
Observations  of  (11)  Parthenope,  by  Everett  I.  Yowell. 
Observations  of  Comet  b  1897,  by  William  J.  Bussey. 

Observations  of  Minor  Planets,  by  Mary  \V.  Whitney  and  Caroline  E.  Furness. 
Note  on  the  Proper  Motion  of  Bradley  2444"  =  3250,  by  J.  G.  Porter. 
Ephemebis  of  Minor  Planet  (3S7),  1893  AZ,  by  John  H.  Ogburn. 
Elements  of  Comet  6  1897,  by  R.  Tracy  Crawford. 

List  Xo.  5  of  Nebulas  Discovered  at  the  Lowe  Observatory,  by  Lewis  .Swift. 
Elements  of  the  Orbit  of  (194)  Pbokne,   by  < '.  J.   Merfield. 
Nebulas  near  Castor,  by  E.  E.  Barnard. 

Meridian-Circle  Observations  of  Comparison-Stabs,  fob  Comet  6  1897,  by  R.  H.  Tucker. 
Notice. 

No.  CCCCXXIII. 
The  Paris  Conference  and  the  Precessional  Motion  (Second  Paper),  by  Lewis  Boss. 
Observations  ok  Comet  b  1897,  by  Herbert  R.  Morgan. 
On  the  Aberration  of  Parabolic  Mirrors,  by-  J.  M.  Sciiaeberle. 
Ephemeris  of  (247)  Eukrate,  by  Wilhelm  Luther. 
New  Astronomical  Work. 

No.  CCCCXXIV. 
The  Gravitational  Constant  and  the  Mean  Density  of  the  Earth,  by  R.  S.  Woodward. 
Observations  of  the  Satellites  of  Mars,  by  William  J.  Bussey. 
A  Note  on  an  Error  in  the  Expression  for  the  Intensity  ok  Illumination  at  the  Focal  Plane  ok  a  Telescope  Due  to  ax 

Infinitely  Extended  Luminous  Area,  by  F.  L.  0.  Wadsworth. 
New  Asteroids. 

Comet-  a  1898  =  Winnecke's  Periodic  Comet. 
Ephemeris  of  Winnecke's  Comet  =  a  1898. 

Observations  ok  Winnecke's  Comet  =  a  1898,  BY'  C  D.  Perrixe. 
Anderson's  New  Variable  in  Coma  Berenices,  by  J.  A.  Parkhurst. 
Measures  of  Sirius,  Procyon,  and  ,8395,  by'  R.  G.  Aitken. 
The  Astronomical  Journal. 


vi  CON  T  E  X  T  S 

No.  UCCCXXV. 
The  Two-Method  Personai    Equations  01    tai   Greenwich  Observers,  by  Truman  Henry  Safford. 
Notes  on  Variable  Stars,  —  No.  22,  nv  lii\i;v   M.   Parkuurst. 
Confirmation  of  Variabiijty,  by  R.  T.  a.  Innks. 
Sunspot  Observations,  bi    \    W    Quimby. 

i.i-i   \..  6  of  Nebulas  Discovered  u    rai    Lowi   Observatory,  by  Lewis  Swift. 
Ox  the  Rotation-Velociti  <<\    mi    Earth,  bh   11.  Y.  Benedict, 

ition8  of  Variables,  bi   Hugh  Wright. 
Ephkmeris  "I    Winneckk's  Combt,  a  1898 

N'DUM. 

NO.  CCCCXXVI. 
Remarks  on  the  Precessionai    Motion     a  Rejoinder,  by  Simon  Newcomb. 
Not]    on  Vbi  ocj  riES,  by    \.  Hali 

Nuria   of  1 1 1 1  ■  Variations  01    DTbgasi,  by  S.  C.  Chandler. 
Announcements  of  Variability. 

Observed  Maxima   usd  Minima  oi    Cong  Period  Variables,  by  J.  A.  Parkhurst. 
Observations  oi    L'ethyb  usd  Riira,  by  E.  0.   Lovett. 

Pole  for  Computing  Latitude-Variations  in  1898,  by  S.  C.  Chandler. 

\m,  ccccxxvii. 

Observations  01    Doubij    Stars,  by  William  J.  Hussey. 

Reqi  i -i   for  I  MTiu  i-m  i>  Observations  of  Algol. 

The  ABBRKATidW-CoMSTANi   of   iiii    French  Conference,  by  S.  C.  Chandler 

OS     llli:    IMINMIV    "1      :rn      Iiii I      \N    INIINUI:    LUMINOUS    AREA;    A    REPLY,    BY    J.    M.    SCIIAEBERLE. 

Soi  ir  Eclipse  Expedition  of  the  Lick  Observatory. 

No.  CCCCXXVIII. 
vtions  on   Professor  Newcomb's  Di  rEBMiNATiON  of  the  Principal  Elemeni  oi   Precession,  bi   G.  W.  Hill. 
,i:  Perturbations  of  Venus  from   mm:  Action  oi   the  Earth,  by  Eric  Doolittle. 
The  Constani  oi    Aberration,  by  C  I.    Doolittle. 
Observations  oi    Variable  Stars  —  No.  5,  by  Wm.  E.  Sperra. 

New  Vabiable  in   Pi  ppis,  by  Aim  mi:  C.   Perri  :   vnd  Confirmation  of  Variability-,  by  Henry  M.  Parkhi  rst. 
Anderson's  Ne\i   Vabiable  in  Gemini,  by  J.  A.   Parkhurst. 

No.   CCCCXXLX. 

Double-Star  Measures,  by  R.  G.  Aitken. 

~.   mi.;  v"ali  i   of  mi-.  Aberration-Constant  derived  from  Kustner's  Observations  of  1884-1885,  by  Simon  Newcomb; 
and  Note  by  the  Editor. 
Note  on  Mr.  G.  W.  Hill's  "Observations"  in  A.J.  428,  by  Simon  Newcomb. 
itions  oi     Is ids  iiND  Comet  6  1897,  by  E.  Frisby. 

ITI0NS    OF    THE    SATELLITE    OF    NEPTUNE,    BY    J.    M.    SCHAEBERLE. 

Correction,  by  <;.  W.  Hill. 

Nil  CCCCXXX. 
The  Precessional  Motion    lnd   iiii.  Paris  Conference  (Third  Paper),  by  Lewis  Boss. 
Filar-Micrometer  Obseb\  ltions  oi    (16)  Psyche,  r.\   Sidney  I).  Townley. 
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SECULAR  PERTURBATIONS  OF  VENUS   BY 

By  ERIC  DOOLITTLE 
In  the  following  computation  the  orbit  of  Venus  was  at 
first  divided  into  twelve  parts  with  reference  to  the  eccen- 
tric anomaly.  The  eccentricity  of  the  orbit  of  Mercury  is, 
however,  so  great  that  the  sums  of  the  functions  corres- 
ponding respectively  to  the  odd  and  even  points  of  division 
afford  practically  no  test  of  the  correctness  of  the  compu- 
tation. The  disagreements,  for  example  of  h,  log  P  and 
B0  were  respectively  5725,  3374  and  32726  in  units  of  the 
seventh  decimal,  while  the  sums  used  in  obtaining  the  dif- 
ferential coefficients  differed  by  so  much  as  52,694.  A 
partial  computation  showed  also  that  a  division  into  six- 
teen parts  was  not  sufficient  to  remove  the  discrepancy, 
which  increases  as  the  computation  proceeds.  A  division 
into  twenty-four  parts  is  required  if  the  sums  of  the  func- 
tions are  to  furnish  a  test  of  the  work. 

The  computation  was  carried  through  twice  from  the  be- 
ginning ;  in  the  duplication,  addition-tables  of  logarithms 
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were  used,  and  the  form  of  the  equations    was   changed 
when  possible.     The  usual  test-equations  were  also  applied. 
The  elements  are  from  Dr.  G.  W.  Hill's  ••  New  Theory 
of  Jupiter  and  Saturn,"  p.  192.     Epoch  1850.0  G.M.T. 


Venus 

Mi  rcury 

e 

=     0.00684311 

e'  =  0.20560476 

w 

=   129  27  42.83 

wi  =   75     7  13.62 

i 

=       3  23  35.01 

i>  =70     7.71 

9, 

=     75  19  53.08 

Q'  =   46  33     8.63 

log  « 

=  9.8593378 

log  a'  =  9.587S217 

in 

=     JS5T3I 

'»'     =     TSuiuiJtF 

The 

results  of  the  computation  are  as  follows  : 

I 

=       4  20  42. US 

log  k    =   9.9992:..",  1 

II 

=  104  54     1.25 

log  A'  =  9.9994984 

IV 

=     50  39  31.36 

log  c    =  7.8017096 

K 

=     54  19  21.07 

c    =  0.0063344603 

K' 

=     54     9  38.84 

E 

log  r 

n 

A 

logB 

£ 

log  q 

h 

0 

9.8563557 

o°  o' 

0.00 

0.73249627 

9.406  4873 

48  49 

44.52 

6.4879840 

0.58840054 

15 

9.8564576 

15     6 

6.54 

0.70628935 

9.454  6248 

63  12 

32.29 

6.6123278 

0.56402284 

30 

9.8567564 

30  11 

47.87 

0.677  78527 

9.4421170 

78     2 

28.54 

6.6668852 

0.53673295 

45 

9.8572313 

45  16 

40.52 

0.64892716 

9.4299816 

93  19 

9.02 

6.660  2144 

0.50812387 

60 

9.8578493 

60  20 

24.50 

0.621  68527 

9.4191209 

108  59 

33.93 

6.5913294 

o.l  si  100449 

75 

9.858  5680 

75  22 

44.64 

0.59791027 

9.4101994 

124  58 

50.96 

6.4490410 

0.45436878 

90 

9.859  3378 

90  23 

31.50 

0.57923027 

9.4035883 

141  11 

26.02 

6.2030502 

0.43333042 

105 

9.8601064 

105  22 

42.20 

0.56691636 

9.3994119 

157  32 

12.47 

5.7648464 

0.41895978 

120 

9.8608213 

120  20 

20.31 

0.56180731 

9.3976644 

173  57 

6.86 

4.6424166 

0.41292353 

135 

9.861 4342 

135  16 

35.65 

0.56425026 

9.3983358 

190  22 

57.15 

5.1099844 

0.415  98961 

150 

9.8619040 

150  11 

43.65 

0.574  07787 

9.401  4692 

206  46 

34.88 

5.9120554 

0.42773114 

165 

9.8621990 

165     6 

4.12 

0.590  61890 

9.4071207 

223     4 

3.01 

6.2846138 

0.44670373 

ISO 

9.8622996 

180     0 

0.00 

0.61274521 

9.4152419 

239  10 

13.61 

6.4998718 

o.l  To  1)2914 

195 

9.8621990 

194  53 

55.88 

0.638  94853 

9.4255469 

254  59 

14.26 

6.6226394 

0.49830819 

210 

9.8619040 

209  48 

16.35 

0.66744400 

9.4374435 

270  25 

35.44 

6.6765726 

0.52683118 

225 

'  9.8614342 

224  43 

24.35 

0.69628968 

9.4500636 

285  25 

27.03 

6.6699758 

0.55465379 

240 

9.8608213 

239  39 

39.69 

0.72352217 

9.4623818 

299  57 

32.77 

6.001  8920 

0.58013161 

255 

9.8601064 

254  37 

17.80 

0.74728586 

9.4733647 

314     3 

25.56 

6.4614704 

0.60184004 

270 

9.8593378 

269  36 

28.50 

0.76596211 

9.4821018 

327  47 

8.52 

6.2195100 

0.618  60745 

285 

9.8585680 

284   37 

15.36 

0.778  27  946 

9.4878921 

341    11 

38.63 

5.7917592 

0.62954598 

300 

9.857  8493 

299  39 

35.50 

0.78339732 

9.4902878 

354  33 

6.28 

4.737  2454 

0.63407808 

315 

9.8572313 

314  43 

19.48 

0.78096661 

9.4733647 

7  50 

18.20 

5.0494328 

0.63!  96045 

330 

9.8567564 

329  48 

12.13 

0.77115125 

9.4844658 

21  14 

4.66 

5.8885094 

0.02;;  29194 

345 

9.8564576 

344  53 

53.46 

0.75461912 

9.487  S921 

34  51 

47.37 

6.2093532 

0.008  51491 

2i 

8.311  9929 

1980     0 

0.00 

8.07130162 

3.302  3698 

2270  54 

36.03 

*0.002  847  33165 

6.33299247 

Z* 

8.3219930 

2160     0 

0.00 

8.07130156 

3.3023700 

2090  54 

35.95 

*0.002  847  33161 

6.332  99197 

'The  corresponding  numbers  have  been  added. 
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N«   109 


E 

; 

G 

<;' 

G" 

6 

log  I 

i,.»  n 

ii 

0.13776127 

0.58723527 

o.l  1259^81 

0.00367327 

29  50  12.97 

0.094  28087     0.39679023 

0.31  1727,71 

L5 

0.13593205 

0.56231  168 

0.1  1274284 

0.005  L0263 

30  II  37.56 

0.100  I7.".l  1     ii.  OH  10450 

0.32320948 

30 

0.134  71786 

0.53456025 

0.1  1296704 

0.00607649 

31    1"  is. 7ii 

O.HI7  107,7,7,    0.413  12180 

0.33324961 

15 

0.134  16883 

0.50568767 

0.1  1321940 

0.00631  137 

32  12  11.77 

o.l  L4  9234  1    0.42340404 

0.34435531 

60 

0.13534362 

0.47761736 

0.1  13  12737 

569662 

33  l  1  34.65 

0rl22  93987 

0.433  69427 

0.35579389 

75 

0.13720703 

0.45239646 

0.1  1351084 

0.004331  19 

34   10  36  18 

0.130  19856 

0.4433741  1 

0.36654  185 

90 

0.13956539 

0.43206750 

0.1  13  10426 

0.00257595 

35  25     U'.' 

0.13670353 

0.17,1. "Oloo 

0.37534554 

105 

0.1  U  62212 

0.41845750 

0.1  1309623 

0.00097183 

35  52  1 1.73 

o.l  1065788    0. 15634998 

0.38094249 

L20 

0.1  1254931 

0.41288415 

0.1  1266320 

0. 7451 

36    0  33.62 

0.141  78785    o.|7,7  79080 

0.38254019 

L35 

0.14192619 

0.41587654 

0.1  1225701 

0.00021775 

35  48  50.91 

o.l  1009658 

0.455  63407 

0.380  1  1861 

150 

0.1  1001227 

0.42706500 

ii. 1  1202490 

0.001  34648 

36  20  41.47 

0.13608370 

0.45051253 

0.374  107  12 

165 

0.13758072 

0  l  1529837 

0.1  1203102 

0.00304  195 

34  in  L0.49 

0.130  10071 

0.44329885 

0.366  16127 

180 

0.135  18161 

0.46890720 

0.14224327 

0.00473972 

33  51  111:: 

0.12381665 

0  134  81823 

0.35704266 

195 

0.13430588 

0.49597000 

0.14257523 

0.005931  L6 

32  7.7   11.07 

0.11676724 

0.42577304 

0.34698954 

210 

0.13427836 

0.52451120 

0.1  1293246 

0.00633413 

32    1  25.39 

0.10975153 

0.110  77,1X7, 

0.33695547 

225 

0.13530143 

0.55262582 

0.1  1323803 

0.00590863 

31     6  52.56 

0.1031  1070    0.40824135 

0.327  18247 

240 

0.13705610 

0.57856627 

0.1  13  13948 

0.004  81804 

30  lo  21.83 

0.09725105 

0.40063000 

0.31900464 

255 

0.13911137 

0.60079667 

0.14351100 

0.00335627 

29  32  27.98 

0.09229597 

0.394  22222 

0.31186325 

270 

0.1  H  02020 

0.6180451  1 

0.14345226 

0.001  86975 

28  57  29.65 

o.os.s  15847 

0.38925289 

0.30632243 

285 

0.1  1239901 

0.62934393 

0.14328793 

0.00068684 

28  33  26.40 

0.08587486 

0.385  90395 

0.30258708 

300 

0.14298478 

0.63406059 

0.1  1306246 

0. 06020 

28  21  52. 70 

0.08  1  6  1020    0.384  31  133 

0.30081370 

315 

0.14267170 

0.631  92420 

0.1  1283210 

0. 12415 

28  23  50.37 

0.08485629 

0.38458290 

0.301  1  L334 

330 

0.1  U  52485 

0.62303406 

0.14265313 

0.00087040 

28  39  39.46 

0.08653835 

0.38676424 

0.30354673 

345 

0.13976975 

0.607  86141 

0.14256873 

O.l  )()L' 14548 

29    8  7)2.02 

0.089  oooso 

0.390  85723 

O.OOSl  1  17,0 

Zi 

1.66229562 

6.31855399 

1.71486964 

0.03813556 

3S4    9  26.15 

1.329  42669 

5.016  04517 

U  i.V.)  80799 

^2 

1.662  29608 

6.31855323 

1.71487036 

0.03813555 

384    9  26.54 

1.32942756 

5.01604627 

4.05980919 

E 

log  » 

log  P 

logy 

log  V 

Ji 

J2 

<r* 

log  F, 

n 

0.0090498 

I  I.SOL' 7900 

0.5522553 

0.5489818 

0.146  41  188 

4-0.046569366 

+0.007078444 

//7.8LM  L843 

15 

n.ii  11  5726 

0.9381720 

0.6108796 

0.000  ]  17,7, 

O.l  17  097,70 

+0.053809593 

+0.005998321 

»7.8833562 

30 

0.0806578 

1.0282684 

II. o.s  loo  is 

0.075  0909 

0.14917091 

+0.057280924 

+  0.004274648 

»7.9106349 

45 

0.1218163 

1.129  0709 

o.  7. V.I  8999 

n.77,0  1266 

0.1496217,7, 

+  0.07,6  746961 

+0.002024896 

«7. 907  2007, 

60 

n.171  6324 

1.2368681 

0.843 1970 

0.8370288 

0.14917,|ii'.i 

+  0.052252409 

-0.000597633 

&7.8728570 

77, 

0.217  I860 

1.3415449 

0.9243732 

o.olo  1294 

n.147  84239 

+0.044134510 

-0.003  11  1-21 

&7.801  7128 

90 

0.2575171 

1.432  7,7,17 

O.00I7294 

0.991  6527 

0.146  0297,7, 

+0.032988273 

— 0. 1232935 

&7.6787174 

in.-, 

0.2862203 

1.4972527 

1.0  117,040 

1.0433053 

0.14427332 

+  II.O19014330 

-0.008  SOI  08  4 

„7.  I.V.I  01' 10 

ll'o 

0.2989083 

L.5248859 

1.O07, 7,1 10 

l.no.-,  1487 

0.143  17010 

+0.004953440 

-0.011  121017 

»6.898  looo 

135 

0.2935151 

1.510  707,0 

1.07,4  4719 

l.ii7,12ol  l 

0.14310862 

-0.009985226 

0.012851  71o 

p7.1321845 

150 

0.271  4379 

1.4582282 

1.014  0442 

1.012  11  10 

0.14408811 

-0.024  107,180 

-0.013952904 

//7.500  22OH 

107, 

0.2367594 

1.376  8369 

0.951  oioo 

0.9480753 

0.14573205 

-0.036  707  80S 

-0.01  1331  877, 

,,7.719  1002 

1 80 

n.1017,717, 

1.2784801 

0.876  1594 

0.8709298 

O.l  47  48 132 

-0.046798849 

—0.013968920 

p7.8271282 

195 

0.1  19  5758 

1.174  1125 

0.7959471 

0.7897501 

0.148  821  si 

-0.053  702  19  1 

—0.012888777 

p7.8885120 

210 

0.1054451 

1.071'  261 17 

0.7174326 

0.711  1002 

0.149  42802 

-0.117,71107,87,7, 

-0.01  1  107,040 

p  7. 01 5  87  10 

225 

0.0647779 

0.9789193 

0.6452104 

0.009  6416 

O.149  20890 

-o.o7,c,071  026 

-0.008  915  214 

,,7.9121802 

240 

0.0292993 

0.8980200 

0.5823492 

0.7,77  0992 

O.148  27058 

-0.07,247717,7 

-0.006292610 

,,7.838  1080 

255 

0.0001263 

0.832o7,l7 

0.5308426 

0.5279163 

0.14080710 

-0.044770588 

-0.003  175962 

//7.807  9277, 

270 

9.9779738 

0.7825625 

0.4919640 

0.4903757 

0.1  1532896 

-0.034036602 

-n.000  07,7  227 

,,7.0800170 

285 

9.9633062 

0.750  1867 

ii.  1665316 

0.4659576 

0.143  99777, 

-0.020  007,  •.•.",7 

+  0.001971  497 

,,7.170  1700 

300 

9.07,0  1177 

0.7363980 

0.4550694 

0.4550194 

0.14316554 

-0.006416142 

+0.004231  o7t 

,,0.017,817,0 

315 

9.9575313 

0.740  0107 

n.  17,7  SO  14 

n.17,7  7010 

0.1  1302191 

+0.008631  101 

+  11.0117,007  7,10 

,,7.lol  0087 

330 

9.9667118 

n.70.",  2099 

0.4751  107, 

0.474  1060 

0.140, oi  is:; 

+0.0231  11  851 

+  0.007  002  7,01' 

,,7.7,1't  ll7o 

345 

9.9839477 

0.8041353 

0.7,00  7241 

0.5048724 

o.l  44  83260 

+  0.036096092 

+  0.007441419 

&7.7118689 

2, 

1.3196325 

13.074  5661 

8.7488847 

8.710  5081 

1.77,7,32379 

-0.003833  505 

-0.041341924 

_v 

1.319  6348 

13.074  5711    8.748  8890 

8.7105125    1.75532376 

-0.003  833  543 

-0.041341924 
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E 

log  F, 

log  (-BJ 

log  S0 

log  W0 

log  '  sin  E  /.'<" 
a 

log-  fit") 
a 

0 

p6.1090979 

0.0049105 

2)9.066  4873 

2)8.4148697 

y/.l.  21 0  1310 

15 

2>6.4602026 

0.0356550 

2)9.178  8455 

//8.42C.S7S1 

»9.592  L936 

2:9.3223879 

30 

p6.6390005 

0.0733408 

p9.2653003 

2)8.3958122 

//9.91  5  55  14 

2)9.4085439 

45 

,,0.72  12291 

0.1168932 

2)9.327  8743 

2)8.2699900 

//O.loi)  1  409 

/-O.I  70  0430 

60 

7-0. 737  5247 

0.1641819 

2)9.3622754 

2>7.7259934 

rc0.2438632 

y/9.50  14201 

1 5 

p6.6816660 

0.211  5075 

2)9.357  0484 

»8.250  7129 

rc0.3379433 

2)9.498  1804 

9ii 

p6.5437893 

0.253  7196 

2)9.2886962 

/18.713  2631 

rcO.3943818 

P9.429  3504 

111.", 

p6.2774254 

0.284  275,s 

2)9.1009298 

»8.9635826 

//o.ioii  1132 

,/.l.2IOS231 

120 

p5.6282756 

0.2976983 

2)8.492  6019 

//9. KMi  71)1)1 

wO.3744076 

2)8.631  7806 

135 

«5.7116481 

0.291  6011 

«8.8399559 

»9.1683165 

rc0.2796519 

//S.97S5217 

150 

«5.826  7911 

(».207  7639 

n9.1787411 

//  9. 102X71  1 

//o.ioi  8299 

«9.3168371 

165 

p2.0186378 

0.2310467 

n9.303  5072 

//H.101  3774 

■ii\).  781  8439 

//'.».  1 1 1  3082 

ISO 

P6.1209857 

0.1872653 

W9.3426978 

//ll. 005  104  1 

»9.4803982 

195 

p6.468  12  15 

0.141  5414 

//9.333  00S1) 

n8.8752645 

2)9.6923386 

//'.).  171  101)9 

210 

p6.6460095 

0.0976371 

»9.2931184 

//S.7 1 7  5637 

2)9.9347031 

,i'.).\:;\  21  ll 

225 

2)6.7308765 

11.057  9988 

//9.22S  7915 

rc8.5283769 

2)0.046  0496 

//'.).  367  3573 

240 

p6.7443892 

0.02-10042 

//9. 142  001)2 

n8.2883483 

pQ. loo  7735 

//D.2S1  7879 

255 

2)6.6894092 

9.996  61S7 

w9.0307075 

»7.9242395 

y,0. 121  4  501 

?i9.170C,o|  1 

L'70 

2)6.5536008 

9.9760603 

»8.8796427 

2)6.1326994 

2)0.1167225 

//H.020  3049 

285 

2)6.292  7348 

9.962  5865 

hS.64S9777 

2)7.8368958 

2)0.0889623 

//S. 7iHi  lo;»7 

300 

j>i>.  077  8477 

9.956  3090 

//S.  129  7737 

2)8.0907155 

2)0.0359903 

//S.271  924  1 

315 

n5.6844201 

9.957  3171 

p8. 250 6252 

2)8.226  7829 

2)9.9495708 

//S.393  3939 

:;;:o 

&5.8208856 

9.905  7038 

2)8.6966315 

2)8.3153748 

/A).  80791  7  1 

2)8.8398751 

345 

«4.1358025 

9.9815566 

2)8.9171054 

y/8.  370 3691 

2)9.5380952 

2)9.0606478 

jr 

*5.9084737 

*  +  0.01066288 

*-  0.408  60954 

*— 3.538  4806 

*  +  0.02421404 

— ., 

*5.908  4S40 

*  + 0.010  00372 

*_  0.408  60959 

*  — 3.53S4837 

*  +  0.024  21607 

E 

R„  sin  v 
+  (COS  !>+COS  E)  S„ 

—  Ki,COM' 

4-sini/^sec-^+l  J  So 

log  11'0COSU 

log  I("„siu« 

~2^ 

0 

+  0.2330866 

+  1.0113711 

2)8.1827238 

2)8.3235442 

2.008  9oo5 

15 

+  0.008  7244 

+  1.1204720 

7-7.970  5922 

2?8.3977016 

2.150  77  IS 

30 

-0.2767659 

+  1.2080644 

2)7.3907836 

2)8.3936800 

2.353  9076 

45 

-0.629  8334 

+  1.2220121 

m7.4834.300 

yy8.264  1083 

2.6050539 

00 

—  1.0391050 

+  1.1217558 

«7.3432314 

y/7.6851177 

2. 90S  8638 

75 

-1.458  031)11 

+  0.850  8163 

2)8.0543112 

re8. 138  0593 

3.2  195836 

90 

-1.794  8636 

+  0.370,5263 

2)8.6240711 

?*8.470  9772 

3.5871504 

105 

-1.9215248 

-0.260  8218 

2)8.9351953 

//S. 507  7279 

3.8554443 

120 

-1.7441000 

-0.948  7539 

,,9.1  0  J  7730 

//S.O90  7696 

3.9830138 

135 

-1.279  0794 

-1.4880990 

2*9.1624365 

y/8.381  6946 

3.9330324 

150 

-0.0591294 

-1.757  9567 

/,;>.  122  4932 

2)8.7776916 

3.727  0060 

105 

-0.0490234 

-1.748  8888 

238.9934523 

2)8.905  1084 

3.4271881 

180 

+  0.440  2788 

-1.5390947 

PS.  7733185 

2)8.914  1389 

3.099  2536 

195 

+  0.7728021 

-1.227  4791 

2)8.4290138 

2)8.8455016 

2.7888931 

210 

+  0.002  8351 

-0.8906639 

y7.7  11 4585 

2)8.7151260 

2.519  0296 

225 

+  1.044  3017 

-0.5731024 

//7.715  6598 

238.5231707 

2.290  8106 

240 

+  1.0518039 

—  0.293  7729 

w7.8940946 

2)8.2497786 

2.121  1810 

255 

+  1.0129579 

—  0.0559799 

w7.720  7805 

237.8162570 

1.988004  1 

270 

+  0.9468050 

+  0.1451147 

y/6.039  2095 

//5.904  6342 

1.8927371 

285 

+  0.8649660 

+  0.317  7537 

pi.  800 3196 

«7.3961019 

1.831  6679 

300 

+  0.7723975 

+  0.470  8818 

2)8.088 1599 

h.7.1248096 

1.S02  3971 

315 

+  0.0091423 

+  0.0125550 

y/S.  22 15784 

y/7. 414  0000 

1.8040170 

330 

+  0.5508294 

+  0.748  7960 

2)8.2763278 

^7.9235602 

1.8371831 

345 

+  0.4092814 

+  0.8824106 

,„N.20OO950 

2)8.175  5091 

1.9041728 

y 

-0.5559282 

-0.3477320 

*  +  0.40570203 

*+ 0.226  98821 

31.8400236 

V 

-0.5559251 

-0.347  7313 

*+0.40570141 

* +0.226  98946 

31.840  03,70 

*The  corresponding  numbers  have  been  added. 
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The  equation 

sin  (j  .  ^.l,1*'  +  &  ^    0 

gives  the  residual  +0.000,000,033. 

M     ['is  Left  indefinite,  the  resulting  values  of  iK 
ferential  coefficients  are 


97592.1  11  m' 


+     71223.820 


re4.989  1117 
&6.9503889 
p  I  852  6253 


^1     =   +  673299.06     m'        p5.8282080 


r  del 

L7/7Joo  ~ 

f-^-1     =   -8920493.9 

L  **  Joo 

r— i  = 

L  *  Joo 

t 

I  ";1     -   -8919313.6      >»'        »6.9503315 

L  <lt  Joo 

[  "7'1     =    +-5590689.3       m'        »6.747  1654 

L  dt  Joo 

H  the  above  value  of  rn'be  employed  there  results  finally, 
[*]_   -0.01S012279 

[•si-  -1-1893"2 


EL"" 


0094965089 
+0.089773204 


,,,„,,„ 

L  a  1= 


+0.74542525 


These  coefficients  were  computed  to  three  significant  fig- 
ures 1>\  Newcomb  ("Secular  Variations  oj  the  Orbits  of 
the  Four  Inner  Planets,"  pp.  337  and  376).  The  results 
from  the  two  methods  may  be  compared  as  follows  : 


[fir  -°™ 


1*1 


=   +0.00949 
:    +0.00531 

(I.I  II  IS  i  i 


Method  of  Gauss 
-0.013012 

+0.009497 

+0.005313 

-0.008138 


The  Flower  Observatory,  1897  •/»///  6. 


OBSERVATIONS   OF   COMETS, 


MADE    Willi    THE    16-INCB    EQUATORIAL    AM'    III, AN    MICROMETER    AT    GOODSELL    OBSERVATORY,    NORTHFIELD,    MINN. 

By  II.   C.  WILSON. 
[Communicated  by  the  Director,   Wm.  W.   Payne.] 


NorthfieldM.T. 

* 

No. 

#- 

-* 

o/'s  apparent 

log  pA 

i  omp 

/la 

z/S 

a 

0 

for  a       1     for  8 

Comet  1889  V  =  189 

;  vi. 

Oct. 

6 

9  49m298 

1 

12  ,  6 

-()'"  6*.72 

-5  23.7 

ii 
22     8 

27*88 

L6   17     1.8 

8.946  I  0.884 

7 

9  19  52 

1 

9  .  6 

+  0      l.lu 
Comet t 

+  1  17.9 
fl896  =  18 

22     8 
97.. 

3S.6S 

-16   10  20.3 

8.590  J   0.878 

Nov 

23 

(i  57     6 

2 

12  ,  6 

+  0     3.40 

-2  13.2 

19  57 

18.9] 

+  lii  25    0.0 

9.506 

0.725 

Dec. 

•j 

6  11   16 

3 

'.i  .  6 

-i)  30.78 

+  4   13.0 

9.496 

0.757 

6  14  16 

4 

9  ,  G 

-1  34.88 

+  1  51.4 

19  52 

I'.i.  12 

+   5  38  24.8 

9.496 

(».757 

8 

6  31   53 

5 

9  .  6 

— 0  26.28 

+  3   IS. 7 

19  50 

.-.7.97 

+  2  51   45.2 

9.556 

0.778 

COM] 

ST  1S96  VII. 

Di  c. 

11 

5  50     5 

7 

9  ,  6 

-()  54.54 

-2  33.3 

1    11 

20.66 

+  5  18     6.1 

//9.31-7 

9.751 

12 

7     3  12 

8 

9  ,  6 

-1     3.30 

-2  41.9 

1   18 

45.72 

+    1  52  32.3 

»8.932 

0.755 

26 

7  31   33 

9 

8,  3 

+  3  46.37 

+  3  23.2 

2   is 

50.75 

+  ii  35  52.5 

„s.9sr, 

0.785 

Jan. 

5 

'.i  23  12 

10 

L5  .  6 

-0  13.39 

-1  59.6 

3  39 

28.70 

-  0  39    8.5 

8.938 

n.795 

6 

9  20  35 

11 

12  .  6 

-0  24.08 

-2  10.0 

3  43 

52.70 

-  (i   12  15.7 

8.911 

n.795 

8 

'.i  20  11 

12 

9,6 

-1    19.23 

—  1    17.5 

3  52 

22.53 

-    0  46  36.9 

8.901 

0.796 

26 

9  30  11 

13 

9  .  6 

-0  37. 7!) 

+  3  21.5 

1  54 

12.06 

-  0    5  26.4 

9.054 

9.791 

9  30  11 

1  1 

'.i  .  6 

-0  45.16 

+  6  12.0 

1  :,! 

12.27 

-   0     5   27.:. 

9.054 

0.791 

28 

9  28  21 

L5 

8  .  6 

+  0    8.31 

-6  29.0 

5    0 

25.53 

+  i)     1  56.4 

9.056 

0.789 

Feb. 

22 

1 

16 

est. 

+  0     l.H 

+  0     5 

6    1 

11.7 

+  2  36  26 

9.359 

0.772 

Mar. 

3 

9  1  1  33 

is 

11'  ,  6 

-(i  25.75 

-2  35.5 

6  20 

51.77 

+  3  26    10.8 

9.261 

0.76  1 

9  1  1  33 

19 

12 

_n   is  70 

6  20 

51.78 

9.261 

O  76| 
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Mean   Places 

for 

1896.0  and  1897.0  of  Comparison- Stars. 

Red.  to 

Red. i" 

* 

X 

app.  place 

8 

app.  place 

AmiIim 

i       i 

1        3 

8 

0          ,            /, 

„ 

1 

22    s 

30.38 

<  +4.22 

|  +4.20 

+  2.32 

- 

16  11  r,r,.r, 

(,  +17.2 
{  +17.1 

Washington  Mural  Zones  207,  67 

o 

19  7,7 

13.19 

+  10  27     1.5 

+  11.7 

Yarnall  (F)8863 

3 

19  53 

IS 

f2.36 

+ 

5  34 

+   9.1 

DM   5  1=362 

4 

19   7,1 

21.94 

+2.36 

+ 

5  36  24.3 

+   9.1 

Gottingen  5078,  Munich  22519 

5 

19  51 

21.82 

+2.43 

+ 

2    is   L8.8 

+   7.7 

Micrometer-comparison  with  ^(> 

6 

19  52 

28.04 

+2.43 

+ 

2  42  38.2 

+   7.7 

Gottinger,  5068,  Munich  22409 

7 

1  12 

10.99 

+4.2] 

+ 

5  20  12.2 

+  27.2 

Schjellerup  108 

8 

1  19 

1  1.79 

+4.23 

+ 

1  7,1    is.:; 

+26.9 

Lalande  27,79 

9 

2    11 

59.82 

+  4.7,(1 

+ 

o  32     7.4 

+  21.9 

Schjellerup  788  9 

10 

3  39 

40.40 

+  1.69 

— 

0  37   14.6 

+   5.7 

Gbttingen  638,  Greenwich  LO-yr.580 

11 

3  44 

15.08 

+  1.70 

— 

0  40   1  1.1 

+   5.7 

Gbttingen  6  19 

12 

3  54 

10.04 

+  1.72 

— 

0  41  54.8 

+   5.4 

Schjellerup  1240,  Bonn  VI,  626 

13 

i  55 

1  S.I  Ml 

+  1.85 

— 

0     8  7,0.9 

+  3.0 

( 7'itt ingen  872 

14 

4   ~>~> 

25.58 

+  1.S7, 

_ 

0  11  42.5 

+  3.0 

Gottingen  874 

15 

5     0 

15.37 

+1.85 

+ 

0  11  22.6 

+  2.8 

Gbttingen  892,  Schjellerup  1638 

16 

6    1 

38.79 

+  1.S7 

+ 

2  36  20.7, 

0.0 

Micrometer-comparison  with  >M7 

17 

6     3 

35.32 

+1.87 

+ 

2  30  57.3 

0.0 

Gottingen  1220 

IS 

6  21 

15.65 

+  1.S7 

+ 

3  29  16.9 

-   0.G 

Micrometer-comparison  with  *20 

19 

6  21- 

38.61 

+  1.S7 

+ 

3  26  43.5 

-   0.6 

Micrometer-comparison  with  ^L'o 

L'D 

6  21 

45.01 

+  1.87 

+ 

3  26  56.1 

-  0.6 

Bonn  VI,  1252 

Nov.  23.  Comet  faint,  with  small  central  condensation.  Easily 
measured.     Round,  about  2'  30"  in  diameter. 

Dec.  11.  Comet  1890  VII  rather  faint  in  moonlight,  but  can  be 
seen  in  the  5-inch  finder;  about  5'  in  diameter.  In  the  10-inch  tele- 
scope the  central  condensation  is  strong,  and  there  is  a  small  star- 
like nucleus  of  about  12u.     No  tail  is  visible. 

Dec.  20.  Comet  is  bright,  with  distinct  nucleus,  about  12".  Head 
5'  or  0'  in  diameter.     Short  tail  n.  foil. 

Jan.  8.  Comet  bright,  very  easily  observed.  Has  a  faint,  broad 
tail,  extending  about  10'  from  the  nucleus,  and  spreading  rap- 
idly. 


Jan.  20.  Comet  visible  in  5-inch  finder,  but  very  diffuse  there. 
In  the  10-inch  there  is  a  small  condensation,  easy  to  bisect. 

Feb.  22.  Comet  exceedingly  faint  and  close  to  an  11"  star.  I 
caught  sight  of  it  at  about  101'  0'"  local  mean  time,  when  it  was  about 
5"  north  and  15"  following  the  star.  It  was  impossible  to  see  the 
comet  with  any  illumination  of  the  wires  at  all,  so  the  best  I  could 
■  I"  «:is  to  determine  the  place  of  the  star.  After  the  measures  upon 
the  star  the  comet  could  be  seen  with  great  difficulty,  but  had  moved 
about  1'  to  the  east  at  101'  40"'. 

March  3.  Comet  most  exceedingly  faint,  but  certainly  seen,  and 
certainly  moving  in  R.A. 


OBSERVATIONS   OF   THE   SATELLITES   OF    URANUS, 

By  J.  M.  SCHAEBERLE. 


The  following  observations  of  the  satellites  of  Uranus 
were  made  with  the  30-inch  refractor  of  the  Observatory. 
For  the  few  unpublished  measures  of  1895,  each  tabulate! 
positiou-angle  is  the  mean  of  five  separate  measures,  and 
each  'distance  the  mean  of  ten  measures.  For  1897  the 
tabulated  results  are  the  means  of  three  measures  for 
position-angle,  and  six  measures  for  distance. 

As  a  rule  the  character  of  the  seeing  was  poor  for  those 
nights  on  which  only  Oberon  and   Titania  were  measured. 


Ariel  and  Umbriel  are  fairly  easy  objects  when  the  seeing 
is  best;  but  owing  to  the  far  south  declination  of  Uranus 
these  two  faint  satellites  are  only  seen  by  glimpses  when 
the  atmospheric  conditions  are 

As  average  estimates,  Ariel  is  about,  half  a  magnitude 
brighter  than  Umbriel,  and  Oberon  about  half  a  magnitude 
brighter  than  Titania.  These  differences  are,  however,  not 
constant,  but  the  observations  arc  not  sufficiently  numerous 
to  fix  definitely  the  law  of  variation  in  brightness. 


Ariel. 

Pacific  Stand. 

Position 

Date 

Time 

Angle 

1897 

h       m      s 

o 

13  17,  28 

358.45 

pril  10 

13  32  26 

13  5o  :;l' 

360.73 

14.48 


Ariel.  —  Cont. 


April  1 2 


Pacific  Stand. 
Time 

h  __   m       s 

13  53  -io 

14  7  11 
14  15  23 


Position 

Angle 


287.65 


289.73 


L3.90 


May 


Ariel.  —  Cont. 


Pacific  Stand. 
Time 


Position 
Angle       Dist. 


13  19  47   43.04 
13  30  3    .  . 
13  39  10   44.24 


14.92 
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Date 

l-.iT 

May    20 


Max      21 

June  1 
June  6 
June  16 

April  10 
April  12 
May  3* 
May      20 


Ariel.       Cont. 
Pacific  Stand.  Position 

Time  Angle 

LI  27™  30*  3018.43 

11  36  10 

11    I:;     7  304.80 

11   54  40  88  02 

11'     5   15 

li'  17  i;;  89.98 

l-  21   53  278.93 

L2  31   26  .    . 

11'  40  28  282.00 

9    II     8  344.13 

9  51   55  .    . 

;i  58  11  344.67 

L0  38  23  L90.53 

m  52  35  .    . 

11  7  32  194.43 

Umbriel. 

ll            HI           S  O 

14  25  38  358.79 

14  48  30  .    . 

15  7   18  361.09 

14  26    13  172.80 

14  35  42  .    . 

14  47.  40  174.17 

12  38  17  191.32 

12  53  17 

13  8  28  189.27 

in  58   13  219.20 

11     8  52  .    . 

11    18  .'in  221.03 


Max      21 

11   19  30 
11   29  30 

11  39    is 

311.18 

312.65 

June     6 

10     6     5 

10  16  1  1 
in  23  7,7 

343.37 
345.43 

•.i  7,7  in 
10  15  15 
in  28  57 

43.17 

4  1.77 

Titania. 

June  13 

Il          111         s 

'.i  34  34 
9  7,1  39 

in    ! 1    11 

101°.07 
103.09 

9  19  15 

'.i  32     ii 
'.i    17  15 

156.32 

17,7.  In 

Dist. 
I  LIS 

1  1.11 

13.79 

1  1.60 

1  1.43 

ln.7,| 
20.74 
19.70 
19.87 
20.01 
20.61 
20.17 

29.39 
32.39 


Dale 


Titania.  —  Cont. 
Pacific  Man, I.  Position 


Time 


Ancle 


17  29  38  329.71 

April  mt   15  43  21 

17  7,:;  17  329.35 

13  18  23      47.00 

April  12     13  29  50        .    . 

L3  39  in       17.7,0 

12  14  r,r,  143.42 

April  23     12  26  in        .    . 

12  34  17  1  13.85 


Max    3 


Max  i; 


II  17  13  192.67 

11  II      7,  .    . 

I  1  59  7,n  193.10 

in  7,1  30  7,u.7i i 

II  I  28  .    . 
ll  13  23  50.83 


in  29  33  174.30 

Max  lo       in  38  :;:;  .    . 

I"    17  in  174. S7 

in  4!>  27  11  1.71 

May 21       Id  56  59  .    . 

11     6  17  215.22 


Max  is 


May  29 


9  7,7    in  146.43 

1<»     0     8 

in  m     7  117.::7 

11  35     2  187.60 

11  54     5 

12  2  57  1SS.77 


10  40  17     270.67 
May 31       10  7.1   47        .    . 

11  :;  m    271.87 


11 

7,   47, 

77.00 

June  4 

11 

IS  30 

11 

10   17 

77.30 

in 

:;.-,  38 

198.00 

. I  une  0 

10 

46  47, 

10 

7,:;    s 

198.03 

June  1 1 

9 

46  r,r, 

3.75 

9 

29  32 

207.87 

June  16 

9 

37  38 

9 

4  4  7,:; 

208.70 

Oberon. 

Ii  111         s  ° 

10  4:;  24     153.03 
.Inn,-  13       lo  56   11  .    . 

11  in  35     154.11 


32.83 


33.48 


32.44 


.'!,';. (.i.'i 


.12.97, 


:;::..-,5 


:;:;.  ii 


31.34 


51.43 


33.1; 


32.56 


13.65 


Oberon.       Cont. 
Pacific  Stand.   Position 


Dist. 

Date 

Time 

Angle 

Dist. 

" 

l-'.i;, 

10     -i"  Hi 

7,1. of, 

" 

33.19 

June  23 

l-'.'T 

10  19  46 

10  32  12 

11  17  7,7 

7,i.:  a  i 
35.63 

40.66 

31.96 

Apnl  12 

13  ii  is 
13  10   17 

35.50 

12.92 

11    13  lo  331.45 
April  23     11  r,r,  17         .    .       44.77 
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Referring   to   the  notice   on  p.  128    (A.J.  400),  the  Editor  regrets  to   announce   thai    only   one   complete   co 
Volume   I   of    this  Journal    is    now    on    hand,  and    this    must    be    reserved    for    sale    with  a  complete    set.     Several 
copies  of  this  volume  are.  however,  yet  to  be  obtained  as  follows,   if  promptly  ordered. 

Volume  I.  two  numbers  missing  (nos.  1  and  6) $12.00 

•  ■    four         "  "  (nos.  1,  4,  5  and  6) 9.00 

«        «  five  •■  "  (nos.  *>  3>  4-   ''  a11,1  ''' ~-"'(l 

«  six  "  "  (nos.  1,  2,  3,  4,  5  and  6) 6.00 

The  supply  of    other  volumes,  especially  the    earlier    ones,  is    also    rapidly  diminishing;    and    those  subscribers 

I   their  sets  will  do  well  to  give  the  subject  prompt  attention. 
-     jle  numbers  can  still  be  supplied,  to  complete  imperfect  volumes  or  for  other  purposes. 
The    prices    for    any  particular    sets,    volumes,    or    numbers,    can    be    obtained    by    correspondence.      A 
I  bandlee,   16  Craigie  St..  Cambridge,  Mass. 
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NOTE    OX    PROFESSOR  NEWCOMB'S    DETERMINATION    OF    THE   CONSTANT 
OF   PRECESSION  AND   ON   THE   PARIS   CONFERENCE   OF   1896, 

By  LEWIS  BOSS. 


The  operations  indispensable  for  the  accurate  determi- 
nation of  star-positions  in  large  numbers  at  successive 
epochs  are  precisely  those  which  are  required  as  a  basis  for 
the  evaluation  of  nutation  and  precession.  Without  special 
observations  for  the  determination  of  those  constants  the 
computer  finds,  ready  to  his  hand,  an  abundance  of  the 
necessary  material  of  observation.  With  a  field  so  broad 
and  free  one  might  have  supposed  that,  long  before  the 
present  epoch,  astronomy  would  have  been  provided  with 
a  value  of  the  constant  of  precession  which  should  fairly 
represent  the  possibilities  of  computation.  But  the  very 
ease  with  which  a  close  approximation  to  the  value  of  this 
constant  may  be  obtained  appears  to  have  deterred  com- 
puters from  really  serious  efforts. 

When  it  was  announced  about  a  year  ago  that  Professor 
Newcomb  would  undertake  the  determination  of  a  constant 
of  precession  which  had  been  adopted  in  advance,  with  a 
time  limit,  by  the  representatives  of  four  national,  or 
nautical,  Astronomical  Almanacs,  no  one  anticipated  that 
it  would  be  possible  for  him  to  attempt  a  discussion  which 
could  be  regarded  as  substantially  exhaustive.  The  result 
as  now  presented  (A.J.,  405)  by  Professor  Newcomb,  like 
all  the  productions  of  that  eminent  astronomer,  is  founded 
on  clear-cut,  logical,  and  novel  methods  of  treatment  which 
are  not  only  most  instructive  to  the  reader,  but  which  in 
this  case  are  also  very  suggestive  as  to  the  necessity  of 
further  work  upon  the  problem.  The  attentive  reader 
must  also  perceive  that  no  essentially  new  evidence  has 
been  imported  into  the  treatment  of  this  question. 

The  discussion  of  the  precession-constant  by  Otto 
Struve  in  1844  was  based  upon  proper  motions  derived 
from  comparison  of  Bradley  with  Dorpat  observations  of 
1823.  Mr.  Ludwig  Struve,  in  1887,  determined  the  proper 
motions  which  he  employed  by  comparison  of  the  places  of 
Bradley  with  those  obtained  at  Pulkowa  for  the  mean 
■epoch,  1855.  Professor  Newcomb  employs  the  proper 
motions  derived    by  Dr.  Auwers   through    comparison  of 


Bradley  with  Greenwich  Catalogues  of  the  approximate 
mean  epoch,  1S(I5  ;  but  he  modifies  these  proper  motions  by 
certain  systematic  corrections,  designed  to  reduce  them 
to  systematic  harmony  with  his  new  fundamental  star- 
positions. 

It  will  be  noticed  that,  in  each  of  these  three  discus- 
sions, any  errors  which  may  exist  in  the  star-positions  of 
Bradley  (so  far  as  they  have  escaped  detection,  or  have 
been  neglected),  may  produce  an  error  common  to  each  of 
these  determinations  of  the  precession-constant.  One  might, 
therefore,  assume  that  the  only  way  to  gain  real  increase 
of  knowledge  in  regard  to  the  precession-constant,  would 
be  through  a  determination  in  which  Bradley's  observa- 
tions play  a  much  less  important  part. 

Many  years  ago,  in  order  to  satisfy  his  own  curiosity  on 
another  point,  the  writer  had  occasion  to  execute  extensive 
tentative  computations,  which,  at  the  same  time,  enabled 
him  to  consider  what  course  might  be  most  advantageous  in 
the  determination  of  the  constant  of  precession.  As  any 
one  might  have  expected,  it  became  clear  that  an  element 
of  prime  importance  in  this  determination  is  the  number 
of  series  of  observations  brought  into  the  discussion.  Sys- 
tematic errors  of  star-catalogues  are  usually  of  the  same 
order  of  magnitude  as  the  casual  errors  of  individual  star- 
places.  It  usually  happens  that,  from  a  relatively  limited 
number  of  such  individual  places  compared  with  imperfect 
standards,  there  must  be  determined  not  only  the  coef- 
ficients of  systematic  correction,  but  also  its  trend,  or  law ; 
and  it  is  this  latter  operation  which  introduces  the  chief 
uncertainty  in  that  class  of  discussions.  It  is  impossible, 
therefore,  wholly  to  rid  any  one  star-catalogue  of  its  syste- 
matic errors.  The  only  hope  of  reasonable  immunity  from 
such  errors  in  the  mean  is,  of  course,  through  the  use  of 
many  catalogues.  Of  equal  importance  is  it  that  the  dis- 
cussion should  embrace  as  many  stars  as  possible,  in  order 
that  the  manner  of  dealing  with  the  larger,  or  abnormal, 
proper   motions    may   become    more   nearly   a   matter   of 
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indifference.  As  bo  systematic  correction  of  the  observa- 
tions, it  was  seen  that  tin  oris  of  Lalande,  Besskl, 
\ ,;,.!  i  wi.i  i;.  s.  ii.ii  i  i.i  k i  i-  and  others,  require  correction 
by  zones;  ami  that  this  process  could  probably  be  accom- 
plished i"  a  reasonablj  satisfactory  manner  through  the 
observations  of  selected  lists  of  telescopic 
ifter  the  publication  of  tin'  Paris  Catalogue,  the 
zones  el'  the  Astronomische  Gesellschaft,  and  some  other 
Beries  of  observations  useful  for  the  purpose. 

!  i  !-.•  are  two  points  of  view  in  which  the  determination 
of  the  precession-constant  maj  he  regarded.  One  con- 
siders  the  precession  as  it  is  manifested  in  the  motion  of 
the  celestial  pole  among  the  stars;  and  the  other  as  it,  is 
manifested  in  the  motion  of  the  equinox  along  the  ecliptic. 
These  points  of  view  are,  of  course,  not  really  distinct,  vet 
One,  or  the  other,  may  receive   emphasis   in    the   method  ol 

computation  according  to  the  predilections  of  the  computer. 

In  the  various  discussions,  hitherto,  tin'  determination  of 
the  precession-constant  has  been  made  to  depend  almost 
wholly  upon  direct  observation  of  the  motion  of  the  equi- 
nox, in  so  far  as  it  is  represented  by  the  constant,  »/,  since 
it  has  virtually  depended  upon  the  observed  right-ascensions 
of  a  very  greatly  preponderating  number  of  stars  within 
thirty  degrees  of  the  ecliptic,  or  equator.  As  nearly  as  I 
can  infer,  the  three  determinations  of  precession  which  are 
here  cited,  when  reduced  to  the  equinox  (.V,)  employed  by 
Professor  Newcomb,  would  be  about  as  in  the  last  column 
of  the  annexed  statement,  where  the  values  of  luni-solar 
precession  for  1850,  as  originally  determined,  are  given  for 

purposes  of  comparison. 

As  Computed 


0.  Stkuve  (1844) 

l„  Strive  (1887) 
s.  Newcomb  (1897) 


:,n.:;s:< 
50.354 

:,u.:;i;s 


Corr.  to  Ni 
50.37S 

60.364 

50.368 


The  two  later  values  would  have  agreed  still  closer  but 
for  an  attempt  by  Professor  Newi  OMB  to  reconcile  the  con- 
-tint  determined  by  him  to  an  equinox  not  quite  identical 
with  A, . 

Mr.  LuDWIG  Stkivk  has  shown  in  his  paper  (pp.20  and 
22  of  /'''•-'/.  .//•/■  ('.Hist,  itri-  I'l-nrr.:  1887;,  that  the  constant 
determined  by  him  is  practically  independent  of  any  as- 
sumption as  to  the  parallactic  effect  of  solar  motion;  and 
this  conclusion  is  confirmed  in  Professor  Nbwcomb's  recent 
paper,  by  comparing  results  derived  from  different  methods. 
Professor  Newcomb's  various  results  are,  therefore,  not 
really  independent  contributions  to  our  knowledge  of  the 
true  value  of  the  constant  of  precession  ;  they  simply  show 
that,  when  the  attempt  is  made  to  derive  the  precession 
from  star-positions  observed  by  Bradley,  and  compared 
with  a  modern  series  of  observations,  it  makes  practically 
difference  whether  the  solar  motion  is  considered,  or 
not. 

Professor  Newcomb  finds  a  difference  of  0".9  between 


the  constant  of   precession  (centennial)  which  he  derives 

from  considering  respectively  the  right-ascensions  and 
declinations  of  stars.     Though  this  discrepancy  is  really 

not  vitally  important,  in  relation  to  the  probable  error  of 
determination,  yet  it  is  worthy  of  some  attention.  Mr. 
Ludwig  Stkuve  found  this  difference  to  be  0".O3,  a  differ- 
ence which  is  practically  insignificant.  If.  however.  Mr. 
Siimni:  had  used  the  more  accurate  equinox  adopted  by 
Professor  Newcomb,  the  discrepancj  between  his  determi- 
nations of  the  centennial  constant  from  right-ascensions  and 
from  declinations  would  have  been  more  than  1".<>,  (again 
not  a  very  anomalous  difference  in  relation  to  the  probable 
errori.   but    in    a    sense    opposite    to    that    which     Professor 

Newcomb  finds.  The  most  natural  way  to  account  for  this 
is  to  suppose  that,  in  one  or  both  of  the  discussions,  the 

results  may  have  bee aterially  influenced  by  errors  in 

right-ascension  which  area  function  of  the  declination,  and 
in  declination  which  are  a  function  of  the  right-ascension. 
Professor  Newcomb  presents  evidence  to  show  that  his 
determination  is  probably  not  affected  with  material  errors 
of  the  first  of  these  classes. 

The  values  of  X,  Tand  Z,  coordinates  of  solar  motion 
derived  by  Professor  Newcomb,  place  the  solar  apex  at 
R.A.,  274°.2,  and  Deed.,  +31°.2,  in  substantial  agreement, 
with  other  researches  founded  on  the  star-positions  from 
P.kahley's  observations  compared  with  modern  places.  At 
the  same  time  this  position  of  the  solar  apex  is  at  variance 
with  the  more  elaborate  determinations  of  recent  times  that 
are  founded  upon  the  discussion  of  many  stars  having  large 
proper  motions,  whether  observed  by  Bradley,  or  not. 
The  origin  of  this  discrepancy,  and  the  bearing  of  it  upon 
the  apparent  value  of  the  precession-constant  is  in  need  of 
an  examination  much  more  extensive  and  exhaustive  than 
it  has  yet  received. 

Doubtless  Professor  Newcomb  has  sufficiently  exhausted 
the  consideration  of  the  evidence  as  to  the  true  value  of 
the  precession-constant  which  may  be  derived  from  the 
comparison  of  Bradley's  star-places  with  those  of  Green- 
wich for  the  mean  epoch  1865;  but  it  seems  to  me  that 
this  is  only  a  small  part  of  the  evidence  which  ought  to  be 
considered.  To  call  upon  astronomers  to  endorse  the  con- 
stant of  precession  which  Professor  Newcomb  has  found  in 
this  way,  appears  to  me  almost  as  unreasonable  as  it  would 
be  to  ask  them  to  adopt  a  value  of  the  constant  of  solar 
parallax  derived  from  a  partial  discussion  of  the  material 
available  through  a  single  method.  The  method  and  ma- 
terial selected  might  be  of  the  best,  and  the  result  might, 
be  near  the  truth  ;  but  there  would  certainly  be  lacking  the 
essential  element  necessary  to  impart  confidence  in  the 
result.  How  much  such  a  determination  may  be  in  error, 
though  emanating  from  the  most  competent  authority,  and 
received  with  universal  confidence,  is  illustrated  in  the  his- 
tory of  Y.\<  ki:'s  determination  of  the  solar  parallax. 
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The  recent  Paris  Conference  upon  the  subject  "1'  astro- 
nomical constants  was  apparently  designed  to  bring  about 
economy  of  labor  through  a  certain  degree  of  cooperation 
in  the  preparation  of  the  publications  represented.  The 
publications  represented  were  the  four  Astronomical,  or 
Nautical  Almanacs,  which  astronomers  have  1 n  accus- 
tomed to  use  in  their  computations.  Consequently  the  de- 
cisions of  this  Conference  are  matters  pertinent  for  public 
discussion. 

I  have  already  indicated  some  of  the  reasons  why  T  think 
that  the  predetermined  precession  coefficient  of  the  Con- 
ference cannot,  at  present,  be  accepted.  But  the  matter 
does  not  end  there.  The  majority  of  astronomers  would 
probably  say  that  the  labors  of  Dr.  Nykrn,  Dr.  Chandler 
and  others,  pointing  to  a  value  of  the  aberration-constant 
near  20".50,  are  entitled  to  great  weight.  The  value,  20".5o, 
recently  obtained  from  special  observation  by  Professor 
Doolittle  (At/.,  406)  can  by  no  means  be  set  aside  as  ab- 
normal, but  is  entitled  to  respectful  consideration.  On  the 
other  hand,  some  astronomers  might  contend  for  a  value  of 
the  aberration-constant  even  lower  than  I'll". 47,  the  value 
adopted  by  the  Paris  Conference.  Now  it  seems  to  me  that 
there  is  here  an  intolerable  uncertainty  which  must  be  set- 
tled in  the  same  way  in  which  the  analogous  uncertainty,  of 
thirty  years  ago,  concerning  the  solar  parallax  was  settled, 
namely,  by  a  general  and  determined  attack  upon  the 
problem.  To  say  that  there  is  no  necessity  for  this  attack, 
and  to  attempt  to  quiet  the  discussion  by  the  arbitrary 
adoption  of  a  certain  value  of  the  constant  now,  seems  to 
me  altogether  premature,  and  against  the  best  interests  of 
scientific  investigation. 

No  great  inconvenience  can  arise  from  the  retention  of  the 
Stkuve-Peteks  constants  for  a  few  years  longer,  until  we 
are  in  a  better  position  to  agree  upon  some  value  of  those 
constants  likely  to  satisfy  astronomers  for  a  considerable 
term  of  years.  The  difference  between  the  aberration- 
constant  in  present  use  and  that  proposed  by  the  Confer- 
ence is  only  0".025 ;  the  corresponding  difference  for  the 
precession-constant  is  0".008 ;  and,  for  the  constant  of  nu- 
tation, the  difference  is  0".014.  These  proposed  changes 
are  practically  insignificant  in  relation  to  all  observations 
of  a  differential  character ;  and,  even  if  we  grant  that  they 
are  the  actual  corrections  required,  no  serious  harm  can  re- 
sult if  the  use  of  them  be  deferred,  since  it  is  morally  cer- 
tain that  astronomers  will  not  rest  satisfied  with  the  present 
state  of  our  knowledge  in  reference  to  the  constants  of  pre- 
cession and  aberration. 

As  to  the  constant  of  solar  parallax,  after  the  strenuous 
exertions  of  the  past  twenty-five  years,  there  has  been  a 
natural  growth  of  opinion  in  favor  of  a  value  very  near 
8".80,  as  best  representing  the  resultant  of  the  mass  of 
evidence  which  has  been  presented.  With  this  constant, 
■the  case  is   very  different  from  that  which  concerns  the 


aberration.  With  the  former,  the  period  of  extremely 
active  investigation  is,  in  all  probability,  terminated  for 

the  present;  with  the  latter,  in  view  of  its  connection  with 
the  constants  of  latitude-variation,  a  period  of  activity  in 
its  investigation,  to  all  appearances,  has  set  in. 

I  f  it  be  assumed  that  general  acceptance  of  the  same  con- 
stants of  reduction  is  desirable,  and  that  frequent  changes 
in  these  constants  is  to  be  deprecated,  there  seem  to  be 
very  good  reasons  for  deferring  a  change  in  the  constants 
of  star-reduction  until  there  is  good  prospect  that  such 
change  is  to  be  more  than  a,  temporary  one.  Put,  assum- 
ing that  the  agreement  of  the  Paris  Conference  is  final,  so 
far  as  the  four  almanacs  are  concerned,  it  does  not,  seem  to 
me  to  follow  that  the  majority,  or  that  even  a  very  con- 
siderable minority,  of  astronomers  is  bound  either  by  pro- 
fessional courtesy,  or  by  necessity,  to  adopt  the  new 
constants  in  their  computations.  In  this  country  the  case 
is  very  simple.  It  should  be  understood  that  the  United 
States  Naval  Observatory,  with  the  Nautical  Almanac  oilier 
incorporated  in  it,  is  simply  a  bureau  of  the  Navy.  The 
responsible  duties  of  those  offices  are  discharged  by  officers 
of  the  Navy,  the  larger  portion  of  whom  do  not  pretend  to 
a  knowledge  of  astronomy.  American  astronomers  have 
no  voice,  direct  or  indirect,  in  the  policy  or  conduct  of 
those  institutions,  for  which  they  are  in  no  way  responsible 
in  the  slightest  degree.  Equally,  it  is  obvious  that  no 
officer  of  that  bureau  is  entitled,  in  his  official  capacity,  to 
represent  American  astronomy.  The  adoption  of  new 
astronomical  constants  by  the  American  Nautical  Almanac 
office  affects  only  the  American  Navy  and  merchant  ma- 
rine. 

Furthermore,  there  must  necessarily  be  some  variety  of 
practice  during  a  transition  period  like  this.  Those  who 
are,  or  shall  be,  engaged  on  a  series  of  observations  begun 
before  1901,  and  to  continue  after  that  date,  must  exercise 
some  freedom  of  choice.  They  may  use  the  old  constants 
throughout,  or  they  may  adopt  a  set  of  constants  for 
themselves,  since  it  is  desirable  that  the  computations  for 
any  given  series  of  observations  should  rest  upon  the  same 
constants  throughout.  Doubtless  there  will  be  a  demand 
for  the  publication  of  data  for  star-reductions  on  the  basis 
of  the  old  constants  for  some  years  after  new  constants 
shall  have  been  definitively  adopted  ;  and,  if,  in  the  present 
instance,  the  almanacs  do  not  perform  this  necessary  ser- 
vice, some  other  agency  must  be  devised  for  the  purpose. 

In  fact,  it  has  long  seemed  to  me  that  observers  with 
meridian-instruments  need  an  ephemeris-publication  speci- 
ally designed  for  their  use.  Standard  catalogues  of  stars 
prepared  for  the  Almanacs  have  always  been  behind  the 
easy  possibilities  of  computation.  Really,  or  ostensibly, 
these  catalogues  have  usually  been  prepared  for  use  in 
navigation,  or  geodesy.  Apparently,  that  preparation,  in 
some    instances,   must  have  proceeded   under   a   superii  i 
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official  observation,  which  rendered  it  politic,  if  no!  compul- 
sory, to  establish  the  weighting  of  observations  upon  a 
strictly  national  basis,  as  if  a  departure  from  khis  sj  tem 
might  lead  to  the  charge  of  national  disloyalty.  Prom  this 
Bn ''is  nave  suffered  much  ;  and 
it  is  likely  that  the  Paris  Conference  may  become  the 
initial  factor  toward  inaugurating  broader  views,  how- 
ever faulty  any  of  its  individual  conclusions  maj  seem 
to  be. 

Many  observers  have  noticed  how  the  differential  pro- 
cess in  meridian  observation  would  be  facilitated,  and  how, 
at  the  same  time,  the  accuracy  of  the  observed  results  in 
every  respect  could  be  increased  in  a  remarkable  decree,  by 
a  suitable  increase  in  the  number  and  accuracy  of  star- 
places  in  the  standard  catalogues.  We  are  now  on  theverj 
threshold  of  greater  possibilities  as  to  differential  meridian 
wink,  for  which  there  is  to  be  a  greater  demand  than  ever 
before. 

As  everj  one  must  have  perceived,  in  the  astronomy  of  the 
future,  that  which  relates  to  the  stars  must  gain  in  relative 
importance  over  thai  which  relates  to  the  solar  system. 
Therefore,  it  is  verj  desirable  to  introduce  improvements 
in  the  computing  appliances  designed  for  the  use  of  ob- 
servers with  meridian-instruments.  Attempts  at  such  im- 
provements can  be  made.  I  think,  in  the  reasonable  hope 
of  diminishing  the  labor  of  computation  in  differential 
work  by  one-half,  and  of  increasing  the  weight  of  the 
results  to  at  least  double,  in  comparison  with  the  ordinary 
experience  of  former  times. 

Differential  observation  with  meridian  instruments  can 
be  made  as  easy  for  the  occasional  observer,  as  it  now  is 
for  observers  with  extra-meridian  instruments;  and  when 
this  becomes  a  fact,  we  may  hope  that  many  idle  meridian- 
a  now  rusting  from  disuse,  may  be  brought  into  active 
operation  for  a  part  of  the  time  at  least. 


In  the  near  future,  therefore,  it  may  be  assumed  that  the 
question  of  astronomical  constants,  so  far  as  it  relates  to 
star-reductions,  will    become   a    question   for    the   authois  of 

special  publications  in  the  interests  of  meridian-observers 
to  decide;  and.  therefore,  one  to  be  decided,  il  deft 
in  favor  of  uniformity,  by  the  common  consent  of  astrono- 
mers after  due  opportunity  tor  cxaminat ion  of  the  evidence 
presented. 

It  is  a  serious  question  whether  the  present  astronomical 

almanacs  ought  not  to  be  looked  upon  as  unsuited  to 
modern  requirements;  and  whether  the  needs  of  the  navi- 
gator, of  the  observer  of  occasional  phenomena  in  general, 

of  the  observer  and  computer  who  is  c :erned  with  the 

bodies  of  the  solar  system,  of  those  who  are  engaged  in 

geodetic  operations,  ami  of   those  wl bserve  the  stars 

with  meridian-instruments,-     whether  the  needs  of   each 

of  these   ought    not    to   be   considered    separately,  and    with 

more  particular  care  than  some  of  them  have  hitherto  re- 
ceived. Nor  is  it  necessary  that  the  number  of  such  publi- 
cations should  be  restricted, or  regulated  otherwise  than  by 
t  he  demand  for  them.  It  seems  to  me  that,  if  the  almanacs 
adhere  to  the  conclusions  of  the  Paris  Conference  (as  it  is 
to  he  presumed  I  hey  will )  and  become  four  editions  ol  one 
almanac,  that  this  determination  may  simply  serve  to 
hasten  the  establishment  of  special  publications,  such  as 
I  have  indicated,  —  or  at  least  of  a  publication  designed  for 
the  use  of  observers  with  meridian-instruments.  There- 
fore, it  also  seems  unnecessary  to  assume  that  the  proceed- 
ings of  the  Paris  Conference  are  irrevocably  to  decree  a  set 
of  astronomical  constants,  unless  astronomers,  after  due 
consideration,  find  themselves  in  full  accord  with  tlnse 
conclusions.  Should  those  conclusions  not  meet  with  the 
general  approbation  of  astronomers,  it  would  be  incumbent 

upon  them  to  institute  active  measures  with  tl bjed  of 

providing  themselves  with  what  they  need. 


DOUBLE-STAK   MEASURES. 

MADE   AT   THE    OBSERVATORY    OF   THE    UNIVERSITY    OF    MINNESOTA, 

By  S.  B.  SOTJLE. 
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.6 
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14    ,  S  = 

-7°  41' 
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I..M 
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.ci  1 
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4.77 

L896.612 

307.3 
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2"1924     9»5    '.i". 7 
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304.8 


15.31 


21992 
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1896.464         328?4  5^08 

.603         321.7  6.12 


L896.534         325.0 
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ySSlo     8».5     10".2 
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Change  probably  due  to  proper 
motion  of  principal  star. 
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22416     7M.9     10».4 

a  =  IS"  49m  44"  ,  8  =  +51°  12' 

L896.516  15-L6  16.90 

.518  155.8  16.93 

.524  155.5  17.15 

.538  157.4  17.76 


1896.524         155.8 
Distance  increasing. 


17.20 


0142     7».5     7».6 
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18^6.502        330.5  1.39 

.521         332.2  1.84 


1896.512 
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.536  318.1  9.45 
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22649     7M.5     9\1 

a  =  20h  8"'  22s   ,    8  =  +31°  40' 

1896.480  152.5  23.56 
.565  150.9  24.44 
.590         151.2        24.58 


1896.545        151.5        24.19 


Angle  diminishing. 

A  and  ( '. 

1896.480        210.3  43.11 

.497         210.1  44.07 

.590         210.6  43.84 


1896.522        210.3        43.67 
Change  in  angle  and  distance. 

22746     7  ".8     8M.5 

a  =  201'  58'"  0s  ,   8  =  +38°  52' 

1896.521         296.9  1.18 

.524         294.3  1.11 

.554         298.4  1.29 


22 

a  = 

J58     7 
20>>  11" 

x.5     9s'. 

r  ,  8  = 

+1 

9M.6 

2°  48' 

S790  69 

a  =  21"  21 

Cygni   5.5  10.2  7.1 

"42"    ,    S  =  -\  36      1  1' 

A 

and  /;. 

A  and  /;. 

L89( 

.480 
.497 
.590 
,593 
.601 

118.7 
113.6 
117.8 
115.4 
116.3 

5.02 
5.61 
5.78 
5.62 
5. 18 

1896.614 
.628 

30°2 
29.9 

:;:;'.'.':o 
34.10 

1S-.16.621 

30.(1 
A  and  C. 

33.70 

189( 

.57)2 

116.4 

5.50 

1896.533 


296.5 


1.19 


22759     7\9     8M.4 
a  =21"  2"1  19s  ,  8  =  +32°  3' 
1896.521         323.6        15.62 
.578         324.0         16.05 
.581  323.1         15.40 

.609         323.4        15.84 


1896.572 


323.5 


15.7; 


61  Cygni  

a  =  21"  2'"  9s  ,   8  =  +38°  12' 

1896.502         123.7        22.19 
.527  125.9         22.41 


1896.612  98.0  54.32 

.614  07.9  54.20 

.620  07.2  54.08 

.628  97.7  53.57 


I  sin  Oils 


97.7 


54.04 


1S-.I6.5I  1 


124.8         22.30 


Only  double  seen  in  this  region. 
Does  not  agree  with  South's 
measure  of  1825,  but  agrees  ap- 
proximately with  those  of  Leav- 
enworth's made  at  about  the 
same  time. 


22790     7M.0      7". 2 
a  =  21"  24'"  Is  ,   8  =  +10°  39' 

1896.497         300.6  1.59 

.527         296.3  1.32 

.551         295.4  1.63 


1896.526 


297.4 


1.51 


5799   79  Cygni    5M.5     6M.2 

a  =  21"  39"'  IS"  ,   8  =  +37°  49' 

1896.521  59.6  153.0S 

.524  59.4  152.85 

.579  59.7  152.93 

.581  50.7  152.93 

.601  59.6  153.27 


1896.561  59.6       153.01 

Agrees  with  South's  measure. 


2:2828     7".8     8M.4 

a  =  21"  44"'  27"  ,  8  =  +2°  55' 
A  and  B. 

1896.612  1  11  'o  27*59 

.63  1  II  1.1  27.46 

720  141.5  27.20 

1896.658  111.3  27.42 

5800     6\2     6\s 

a  =  21"  30m  55    ,  8  =  +62    9' 

1896.502         115.0        62.98 

.554         145.8        63.26 

.779         145.7        62.75 


1896.546 


I  15.5        63.00 


02(App.)228     6".  9     8».0 

a  =  21"  50'"  51"  ,   8  =  +4    is' 

1S06.5-.10  27.2         75.76 

.601  27.0        75.50 

.ooo  27.2        75.89 

.628  27.3        76.14 


1896.607 

27.2 

75.82 

5808 

7\4     8' 

.5 

a  =  22'    20m 

21"  ,  8  =  - 

20     15' 

1896.631 

150.4 

7.03 

.634 

152.8 

6.7S 

.729 

150.9 

6.90 

1896.665 

151.4 

6.90 

£  Aquwrii  ...     . 

a  =  22"  23" 

39s  ,  8  =  - 

i)    35' 

1896.480 

321.0 

2.65 

.497 

321.7 

2.75 

.518 

31-3.1 

3.60 

.521 

319.0 

2.89 

1896.504 

321.3 

3.00 

23046 

8M.2     8 

'.6 

a  =  23"  51" 

17*  ,  8  =  - 

- -10°  3' 

1S06.600 

247.9 

3.29 

.614 

246.0 

3.31 

1896.612         247.0 

Slow  binary. 


3.30 


£  Scorpii 

a  =  15"  58'"  52"  ,  8  =  — 11°  i 
A  and  B. 


DOUBLE-STAR  MEASURES, 

MADE    AT   THE    OBSEK VATOllY    OF    THE    UNIVERSITY    OF    MINNESOTA, 

By  MARY  S.  WAGNER. 


1S96.499  215.3 

.502  213.4 

.524  216.7 

.527  214.2 


1896.513 


214.9 


1.50 

1.45 
1.14 

1.38 

T37 


£  Scorpii —  Cont. 

a  =  15"  5S'"  52*  ,  8  =  — 11°  5' 
A  B  and  C. 


1896.499 
.502 

.524 
.527 

1896.513 


60.9 
62.8 
62.5 
61.7 

63.5 


7.46 
7.46 
7.40 
7.56 

7+7 


XOphmchi     5\0     7\0 

a  =  10"  25"'  52"  ,   8  =  +2°  12' 


70  Ophiuchi      L'.o 
a  =  IS"  0'"  23"  ,   8  =  +: 


.V'.O 


1S96, :,{-,:, 

19.3 

1.71 

1896.581 

289.3 

2.71 

.573 

17.5 

1.97 

.587 

2S7.2 

2.10 

.581 

51.2 

1.56 

.603 

293.1 

2.17 

.581 

1  1.5 

1 .58 

1896.590 

289.9 

2.33 

1896.576 

48.1 

1.70 

1 1 
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NOTES   ON    VARIABLE   STARS, - 

B  \     II  EN  l!V     M  .     l'A  l:  K  11  i    RST. 

R*9I   LTS    OF    «  IBSERV  \  I  IONS. 


No.  19, 


i  observed  Date 

s 

Star 

Phase 

Julian 

Calendar 

E 

Corr. 

W 

Mag, 

Factors 

Remarks 

1896-7 

d 

(2903) 

—  Cancrl 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

No  appreciable  fluctuation 

2946 

B  '  'aneri 

\|    Q 

M  12 

Aug.    5 

16 

- 

E 

- 

- 

- 

_ 

Identification  uncertain 

2976 

icri 

Min. 

3968 

Feb.    12 

35 

-13 

■  > 

L3.0] 

- 

- 

_ 

3060 

i    i  'ancri 

Wax. 

U27 

July  21 

53 

- 

E 

- 

- 

- 

- 

Invisible  in  May 

3170 

S  Hydros 

Max. 

3994 

Mar.    Hi 

7.7 

-14 

6 

7.79 

0.94  0.94 

45 

3184 

Irae 

Min. 

1034 

April  1'.) 

50 

- 

E 

- 

- 

- 

- 

Midway;  probably  later 

326-1 

W  <  'ancri 

Max. 

3969 

Feb.    13 

6 

-11 

8 

7.49 

0.17 

0.26 

in 

Much  brighter  than  last  year 

3425 

\  Hydrae 

Min. 

H04 

June  28 

7 

- 

E 

- 

- 

- 

- 

Midway;  probably  later 

3477 

is  min. 

Mill. 

3981 

Feb    25 

32 

+   7 

4 

1 2.5 

1.4 

1.1 

43 

3493 

/,'  /..  onis 

Min. 

1035 

April  20 

L64 

-27 

9 

lii.s;, 

0.90 

in 

38 

Fluctuation 

3567 

l'  I.-  ••nis 

Max. A 

l 

Mar      16 

20 

-12 

8 

8.73 

0.40 

0.70 

18 

.. 

" 

Max.B 

1017 

April    2 

20 

+  5 

8 

s.is 

0.20 

0.33 

13 

Sec  note  below 

3712 

/    Leonis 

- 

— 

- 

- 

- 

_ 

- 

- 

- 

- 

Sim-  note  ln-liiw 

3881 

V  Hydrae 

Max. 

1066 

May   21 

15 

+21  IS 

8p 

6.9 

- 

- 

- 

Compared  with  Second  Catal. 

;:s'.in 

W  Leonis 

Max. 

3905 

Dec.  11 

23 

- 

E 

- 

- 

- 

- 

llefnrc  predicted  time 

3934 

I;  ( 'rati  ris 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Perhaps  brightening  in  May 

— 

DM. +10  2233 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

"  Missing  star  " 

— 

DM.+   7  2425 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

■•  Missing  star" 

3994 

S  Leonis 

Max. 

1022 

April    7 

70 

-40 

4 

- 

- 

- 

- 

Correction  nearly  unchanged 

U60 

'/'  /.•  onis 

Min. 

1074 

May   29 

- 

- 

3 

- 

- 

- 

- 

See  note  below 

1300 

\   Virginis 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

S.-e  note  helow 

7.  The  observations  of  April  2  ami  '■',  appear  to  correspond 
with  the  "outburst"  observed  in  1891  (.l.J,  2J6),  and  to  indicate 
a  fluctuation  independent  of  the  normal  light-curve. 

S712.  1  have  never  seen,  in  eight  different  years  of  oliservation, 
anj  certain  variation  in  the  12"  star  at  or  near  the  place  of  Y,  nor 
any  other  star  near  it. 

U60.     The  star  observed  is  that  specified  in  A.J.  :;.">i;.    Its  variation 


appears,  from  these  observations  to  have  a  period  of  about  00  days; 
but  this  is  not  sustained  by  the  former  observations.  1  have  seen  no 
decided  fluctuation  in  stars  nearer  the  catalogue  place  for  4160, 
although  I  have  carefully  watched  these  stars  since  1887. 

4300.     A  small  fluctuation,  but  period  probably  short. 

The  two  "  missing  stars"  are  from  the  Third  Catalogue,  and 
sufficiently  identified. 


Individual  Observations. 
Including  Observations  by  Aethuh  C   I'erkv. 


(2903)  —Cancrl 

tinned  from  350.) 

.Julian    Calendar      Mag. 

1897 

4067.6    May  22    12.9 
4074.6  29    12.8 

2946  I!  Cancri. 

\m  S77.) 

4060.6  May"  15 

4063.6  L8  10.9] 

4067.6  22  11.0 

1070.6  25  L0.98. 

2976  V  Cancri. 

(Continued  from  350.) 

3930.6  -i   :i.     o  12.0 

3980.6  Feb.  2  1  12.6] 

3988.6  Mar.     1 

4010.5  26  L1.6 


3060  U  Cancri. 

(Continued  from  350.) 
Julian     Calendar      Mag. 

189? 

1060.6  May  15  11.4] 
1063.6  18    12.0] 

1070.6  25    12.8] 

3170  SHydrae. 

i  ontlnueil  from  384.) 

3935.6  Jan.  1"  9.1 

3965.6  Feb.  9  8.5 

3969.6  13  8.13, 

3983.5  27  s.l  2 

3994.6  Mar.  10  7.69 
1008.6  24  7.99, 
1014.5  30  8.38! 
1017.5  Apr.     2  8.39i 

3184    T  Hydrae. 

i 

3984.5    Feb"  28    11.3 


3184  T  Hydrae.  —  Cont. 
Julian     Calendar      Mag. 

3995.5    Mar.  11    11.54, 

1010.5  26    13.0 

1016.6  Apr.     1     13.4 
4033.6    April  18  to 
1067.6    May  22    13.5] 

4  dates 


3264   W  Cancri. 


Cont. 

3935 
3964 
3965 
3967 
3969 
3970 
3975 
3980 


from 384.  Comp  Stars 3S4i 

1897 

.6  Jan.  10  12.0: 
.6  Feb.  8  8.2 
.6  9  7.81 
11  7.38, 
6  13  7.45, 
.6  14  7.12; 
6  I1."  8.30, 
5             24      8.15, 


3425  X  Hydrae. 

;  Com.  from  3K4.Conip. Stars  350) 
Julian     Calendar      Mag. 

1060.6    May  L5     9.8] 
4063.6  18      9.8] 

40C7.6  22    11.2 

.".  177  1!  /.funis  in  hi. 

(Continued  from  3s4. 1 

1807 

3932.6  Jan.     7  10.!) 

3980.6  Feb.  24  12.3 

3988.6  Mar.     I  12.5 

1010.5  26  11.8 

:;i'.».';  i:  Lronis. 

(Continued  from  384.) 
ISC 

3963.5    Feb.     7      8.5 
3984.5  28      9.2 

.•i'.l'.H  (I     Mar.  in       9.01. 


3493  R  Leonis.  - 

—  Cont. 

Julian 

1  aleiular 
1897 

Mag. 

3997.6 

Mar.  I.", 

9.92 

L005.6 

21 

9.6 

1009.6 

25 

9.85 

1017.6 

Apr.     2 

10.19 

2026.6 

11 

10.94 

In:  ;::.r, 

18 

10.3 

1034.6 

19 

11.00 

4(115.0 

30 

10.3 

1050.5 

May     5 

10.58, 

1051.5 

6 

t0.89 

4067.6 

22 

10.78 

1U70.0 

31 

L0.89 

.'1507   V Leonis. 

(Continued  from 

3935.6    Jan.''  10    11.7] 
3963.6    Feb.     7    10.6: 


N°-410 
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.'1567   V  Leonis. 


.Julian     Calendar      Mae 


3984.5 
3991.6 
3994.6 
3997.5 
4(io,-,.,-> 
400516 
4008.6 
4009.6 
4010.5 
4010.6 
4012.5 
1013.6 
4014.6 
4016.6 
4017.6 
4018.5 
4026.5 
4026.6 
4031.6 
4032.6 
4034.G 


Feb.  28  10.0 
Mar.  7   8.87 

10 

13 

21 

21 

24 


Apr 


26 
26 
28 
29 
30 
1 
2 

3 
11 
11 
16 

17 


9.2p 

9.17, 
8.90, 
9.0p 
8.52, 
9.00. 
9.30s 
9.2p 
8.75, 
9.07. 
9.2p 
9.6p 
7.86. 
8.60s 
9.43 
9.7p 
9.53, 
9.8p 


19  IO.Ip 


3712  U  Leonis. 

(Continued  from  35(1.) 

.Julian     Calendar      Mag, 

3604.6    Feb.   II    11.6 

3660.5  Apr.  10    11.9 

3714.6  June    3    11.9 


3984.5  Feb.   28     11.9 

4067.6  May  22    11.6 
4096.6    June  20    11.9 


3881  VHydrae. 

(Con  t.  from  3S4.  Comp. Stars 3S41 


4037.6  Apr.  22 

4051.5  Mav     6 

4053.6  8 
40(14.6  19 
4067.6  22 
4070.6  25 
4070.6  I'.""- 
4076.6  31 


7.5p 
7.5p 
6.8p 
6.9p 
7.0p 
7.66 
7. Op 
S.Ip 


3890     If  Lrnni 

(Continued  from  88 

Julian    Calendar 

3935.6    Jan.'  10 


Mag. 

11.1  : 


3934  R  Crater 

4060.6  Mav"  15 

4001. 0  "    16 

4062.6  17 
4070.6 


9.2 
9.0 

9.17 
8.98, 


4070.6 
1074.6 
4076.6 

4096.6 


-DM.+10°2233 

1S97 

May  22 

29 

31 
June  20 


11.3 
11.44, 
11.251 
11.1 


DM.  +  7°2425. 


4067.0 
4071.6 
4076.6 

4096.6 


May  22 
26 
31 

June  20 


10.6 
10.79. 
10.57, 
10.7 


3994  S  Leonis. 

(Con 

Inned  from 

184  ) 

Julian 

(  aid 

dar 

Mag. 

4010.6 

Mar 

26 

11.2 

1013.6 

29 

10.87., 

1034.6 

A.pr 

19 

1  1 .09., 

1037.5 

22 

11.29., 

4*037.6 

22 

11.2i- 

1044.7 

29 

11. Or 

1045.6 

30 

1l.li- 

4051.6 

May 

6 

11.4p 

L053.6 

8 

L1.0> 

1064.6 

19 

L2.0p 

1067.6 

22 

12.2 

1070.6 

25 

12.0:p 

1076.6 

31 

12.0]p 

4160  T  Leonis. 

(Con 

inued  from 

156.) 

3604.6 
362S.6 
3636.5 
3652.6 
3658.6 
3687.6 


Feb. 
Mar. 

Apr. 

May 


Comparisox-Stars. 


3060  U  Cancri. 


1893-1897 


Star 
E 
K 
N 
IX 
T 
Z 

\z 

!/ 
h 
h 


DM. 
+  19°2053 
+  19°2026 
+  19°2047 
+  19°2049 
+  19°2045 
+  19°2046 
+  19°2048 
2n6p  V 
Zn\f  N 
5.?  '         V 


Mag. 

6.70 

8.05 

8.37 

8.38 

9.31 

10.17 

10.85 

11.91 

12.19 

12.36 


071/ 

QM 
4 


15 


Stal- 
in 
IF 
ZF 
G 
K 
L 
N 
T 
IT 
1W 


3184  TJT^lr,,,- 
1893-1897 
DM.  Mag 

-S°2549 

-8°2504 

-8°2554 

-8°2501 

-8U2509 

-S°2520 

-8°2536 

-8°2534 

-8°2516 

-8°2519 


7.95 
8.10 
7.57 
8.43 
8.40 
9.06 
8.74 
9.75 
10.38 
10.23 


Star 
V 

c 

D 
1/ 
W 
X 
Y 
Z 

\z 

d 


.149.')  R  Leonis, 
1893-1897 
DM.  Ma 

+  12°2090  5.: 
+  12°2105 
+  12°2095 
+  11°20S7 
+  12°2091 
+  11°2105 
+  12°2093 
-r-12°2094 
+  12°2097 
1»S/       V 


5.76 
6.99 
6.56 
7.49 

9.05 
9.85 
9.58 
9.81 
9.69 
11.28 


18  V 
20  V 
24  V 

1 


11 

11 

1 

5 


11.4 

12.00. 
12.431 
11.07. 
12.211 
11.99 


Star 
F 
Q 
u 

X 


lloo  7 

.1  lllijl! 

3714.6 

4014.6 
1037.5 
lol  1.0 
4045.6 
4050.6 
4051.6 
1007.0 
4074.6 
4078.6 
4097.6 
4099.6 

1101.0 


Leonis. 

Calendar 

i  'I. 
■June    3 

1«'.I7 

Mar.  30 

A|.r.  22 
29 
30 

May     5 

0. 

22 

29 

June  2 
21 
23 
25 


-  Cont. 
Mag. 

12.382 

L2.4 
11.64, 

11.27., 

1  1.00, 

11.3]" 

12.00., 
1LM9, 
12.40., 
12.27", 

11.90 
11.50,: 
11.49. 


I  .".in  i 


.V  Virginis. 

(Continued  from  366 ) 
1896 

3636.5  Mar.  17     11 .5 

3696.6  May   15    11.2 

4014.6  Marl  30  1  1.8 

1035.6  Apr.  20  11.2 

4067.6  Mav  22  11.4 

4094.6  Junel8  11.2 


4160  T  Leonis. 


ls'.i:;   isiiT 


b 


DM. 

+  4°2501 
I  I  2505 
+  4°2504 
+  4°2503 
2sl/  Q 
5n '  X 
2.s-2/,  Q 
13*2/  Q 
1  /A  j>  i 
OslO/    Q 


Mag. 

7.08 

8.2  1 

9.22 

9.53 

10.80 

11.09 

11.22 

12.38 

12.92 

12.98 


OJ/ 

0M 
0M 
0 

24 

18 

26 

14 


ON   THE   PROPOSED   UNIFICATION   OF   ASTRONOMICAL   CONSTANTS, 

By  S.  C.  CHANDLER. 


The  contemplated  change  in  the  values  of  the  astro- 
nomical constants  to  be  used  by  the  various  national 
astronomical  ephemerides,  beginning  with  1901,  has  natu- 
rally excited  lively  interest,  and  aroused  much  discussion 
which,  so  far,  has  not  reached  public  expression.  That  the 
matter  could  not  fail  to  reach  the  stage  of  open  discussion, 
at  some  time  or  other,  is  a  matter  of  course.  The  thanks 
of  astronomers  are  due  to  Mr.  Ross  for  his  dispassionate, 
courageous  and  forcible  presentation  of  the  subject  in  the 
foregoing  article. 

Rut  more  than  this  silent  approval  seems  to  the  writer 
to  be  desirable.  The  situation  is  one  that  calls  for  the  indi- 
vidual expressions  of  opinion  by  astronomers  generally. 
The  discussion  is  forced  upon  them  both  by  the  importance 


of  the  subject,  and  by  the  singular  features  of  the  method 
by  which  the  proposed  changes  have  been  decided  upon. 
No  apology,  therefore,  is  needed  from  any  one  for  engaging 
in  it;  on  the  contrary,  it  is  an  incumbent  duty  upon  all 
who  have  an  effective  word  to  speak  with  regard  to  the 
proposition,  whether  of  antipathy,  apathy,  or  sympathy. 

It  would  seem  to  be  indisputable  that  any  change  of  this 
kind  is  so  important  and  entails  so  much  inconvenience 
that  it  should  not  be  undertaken  except  after  full  debate 
and  the  general  assent  of  competent  opinion.  Nor  should 
it  be  made  until  the  data  upon  which  such  opinion  must 
rest  have  been  brought  up  to  within  a  reasonable  time  of 
the  date  when  such  change  is  to  go  into  operation,  and  are 
of  such  a  character  as  to  make  it  likely  that  the  values 
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determined  upon  «  ill  sen  e  for  the  greater  pari  "1  the  coming 
century.  Without  here  going  into  a  technical  argument,  it 
certainly  does  nol  seem  that  this  state  oi  things  now  exists. 
Furthermore,  there  is  no  good  reason  whatever  why  such 
an  alteration  should  begin  with  the  twentieth  century. 
Surel]  tlie  making    a  i      ict  contingent  on  1  he  sent  L- 

mental  association  vulgarly  attaching  to  round  figures,  can 
.  d  bj  scientific  men ;  nor  can  any 
adequate  argument  be  advanced  for  the  greater  convenience 
, if  th,-  .late  in  question,  in  preference  to  any  other. 

It  is  further  to  1"-  apprehended,  indeed  it  maj  be  looked 
upon  as  reasonably  probable,  that  if  the  changes  are  now 
effected  as  proposed,  they  will  prove  insufficient  before  a 
considerable  portion  of  the  century  shall  have  elapsed.  In 
such  ease  the  consideration  of  a  second  change  will  then 
have  to  he  entertained.  Such  a  contingencj  threatens  so 
much  inconvenience  that  it  ought,  by  all  prudent  foresight, 
to  be  avoided. 

Therefore,  while  admitting  that  an  alteration  of  the  con- 
present   in  use  will   become  desirable,  and    can 


advantageously  he  made  under  proper  conditions  of  knowl- 
edge as  to  what  they  should  he.  perhaps  within  a  decade,  the 
writer  desires  to  express  a  conviction  that  the  adoption  of 
thr  change  proposed,  under  the  present  conditions,  is  pre- 
mature anil  unwise.  On  the  other  hand  he  ran  see  im  ilis- 
a  i\ antage  in  its  postponement. 

In  any  event  it  seems  to  be  desirable  thai  some  one,  at 
least,  of  the  National  Almanacs  should  for  the  present 
retain  the  old  constants,  for  the  purpose  <>t  serving  the 
large  body  of  astronomers  the  world  over  who  will  prefer 
them  in  their  investigations,  until  a  more  definitive 
change  can  he  generally  made.  In  default  of  this,  the  mi-. 
gestionof  Mr.  Boss  at  the  conclusion  of  his  article,  is  a  prac- 
tical and  feasible  one  ;  namely,  that  some  action  be  taken 
as  it  is  pretty  sure  t.i  he  taken  looking  to  the  provision  of 
such  facilities  by  astronomers  for  themselves,  independently 
of  the  almanacs,  which  may  then  disappear  from  the  astron- 
omers' hook-shelves,  ami  he  relegated  to  ship-cabins,  where 
the  question  of  the  basis  of  their  const  ruction  is  a  perfect  1\ 
immaterial  one. 


OBSERVATIONS   OF   THE    PARTIAL   SOLAR  ECLIPSE,   1897  JULY  28, 


AT   THE    l.KANDKK    McCORMICK  OBSERVATORY, 
By  Prof.  O.  Stone  and  EL  R.  Mom. an.     Aperture  3  inches. 

Eastern  Time  (75th  meridian) 
Began,         20  35"  1  I  B.R.M.         Power  50 

Facie,!.        L':;  10  18  H.R.M.  "        50 

«  s;  10     7  (perhaps)        O.S.  "        90 

«  23  in   H'  (certain)         O.S.  "        90 


AT   MARENGO,  ILLINOIS, 
By  John  A.  Parkhubst  :  6.2-inch  reflector  reduced  to  3.5  inches. 
Central  Time  (90th  meridian) 

il  IN  9 

First  contact,  19  31  49.4  4-5  sees,  late 

Last  contact,  21    15  50.2  good 

Clock  corrections  obtained  from  transits  during  the  eclipse.  Po- 
sition of  Observatory,  J.  =  +5"  54'"  -'-V.  IS  ,  <?  =  +42°  14'  51*.5. 
Altitude  SoO  feet. 


NEW   ASTRONOMICAL   WORK. 


14464  Stars  between  24°  15'  and  30c  57'  of  North  D<  ,/; 
1875,  from  Observations  at  tin  University  Observatory, 

<l.       A.   I  Jkaii  AM. 

Tin'  great  cooperative  undertaking  of  the  Astronomische  Gesell 
begun  a  quarter  of  a  eenturj  ago,  approaches  one  sir],  nearer 
completion  bj  tin-  appearance  of  Mr.  Graham's  catalogue,  which  is 
the  ninth  of  the  series  in  order  of  publication.  Tic  catalogue  proper 
contains  144  11  star-  (of  which  3  are  to  lie  struck  out),  and  an  appen- 
dix mi  i'.  299  gives  26  others,  accidently  omitted  or  insufficiently  ob- 
served. Each  zone-star  was  observed  at  leas)  three  times  when 
possible,  i'ii  three  win's,  and  with  two  microscopes,  and  each  stand- 


ard star  on  seven  wires,  and  with  four  microscopes.  The  observations 
were  all  made  substantially  by  Mr.  Graham.  The  probable  error 
of  a  single  observation,  from  945  stars  observed  seven  times  or  mure 
each,  was  found  to  he.  in  It. A.  Lo.niii;;  in  Decl.  ±0".51.  A  list  of 
315  stars,  in  which  comparison  with  other  catalogues  presents  Indi- 
cation of  proper  motion,  is  given  in  the  Introduction,  in  all  about 
9000  stars  have  been  compared  with  previous  catalogues,  and  the  de- 
tails of  these  comparisons,  as  well  as  the  results  of  the  individual 
observations  of  all  the  stars  in  the  catalogue,  are  to  In-  given  in  a 
larger  edition  to  be  subsequently  published.  <  . 


CONTEXTS. 

s Prof.  Nkwcomb's  Determination  oi   the  Constant  of  Precession  and  on  the  Paris  Conference  of  1890, 

r.v  Lewis  lin^. 
Dot  r.ia    Si  \n   MEAS1  RI  -.    ui    S.    B.   Soi  i  I'- 
ll.u   BI  i    Si  w:    Ml    \-l   RES,    11V    MAR1     S.    W  ai.si  I:. 

Notes  oa   Variabli    Stars,  —  No.  19,  m    Henri    M.  Parkhubst. 
On  the  Proposed  Unification  of  Astronomical  COnsi  wo.  by  S.  C.  Chandler. 
Observations  oi    rHE  Partial  Solas  Eclipse,  1897  June  28. 
V.STRONOMH  \i.  Work. 
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OBSERVATIONS    OF    COMET    1896  VI  (=  1889  V), 


MADE   AT   THE   CHAMBERLIN    OBSERVATORY,    UNIVERSITY    PARK 

By  HERBERT   A.  HOWE. 

The  following  observations  were  made  with  the  20-inch 
equatorial  ami  filar  micrometer  ;  power,  185.  The  position 
of  the  observatory  is  given  in  the  American  Ephemeris, 
under  the  heading  Denver ;  log  p  is  incorrectly  given,  as 
the  observatory  is  5400  feet  above  sea-level. 

Both  /la  and  JS  were  measured  directly,  the  steady  run- 
ning of  the  driving  clock  in  all  temperatures  contributing 
much  to  the  rapidity  and  accuracy  of  the  work.  On  Jan.  4, 
1897,  the  main  driving  worm  was  temporarily  fast,  so  that 
the  clock  could  not  turn  it,  and  chronographic  observations 
of  Ja  were  made.  The  telescope  was  shaken  by  the  wind 
only  about  two  hours  during  the  entire  series  of  observa- 
tions. The  wind-vibration  was  sensible  in  right-ascension 
only.  The  comet  was  connected  with  faint  stars  in  the 
field  of  view,  and  these  were  afterward  joined  to  catalogue- 
stars.  The  catalogue-positions  of  a  large  number  of  the 
stars  were  kindly  furnished  by  Prof.  A.  S.  Flint  of  the 
Washburn  Observatory.  The  apparent  differences  of  right- 
ascension  and  declination  have  been  added  to  the  mean 
places  of  the  catalogue-stars  to  get  the  mean  places  of  the 
comparison-stars.  The  slight  inaccuracies  thus  introduced 
have  been  completely  compensated  by  computing  the  re- 
ductions to  apparent  place  for  the  catalogue-stars  instead 
of  the  real  comparison-stars. 

When  several  (usually  three)  consecutive  observations 
are  given  for  the  same  time,  it  is  to  be  understood  that 
they  were  entirely  independent  of  each  other.  The  sepa- 
rate bisections  were  made  in  such  an  order  that  the  mean 


of  the  times  of  those  bisections  which  were  made  with  one 
star  was  nearly  the  same  as  the  mean  of  the  bisection-times 
for  each  of  the  other  stars.  To  assist  the  orbit-computer 
these  times  of  observation  were  made  identical,  small  cor- 
rections for  the  comet's  motion  being  applied  to  the  meas- 
urements of  .la  and  JS.  Corrections  for  refraction  were 
applied  throughout. 

Miss  Margaret  Davis,  of  the  Junior  Class  in  the  Col- 
lege of  Liberal  Arts  of  the  University  of  Denver,  computed 
the  probable  errors  of  the  observed  differences  of  right- 
ascension  and  declination  between  the  comparison-stars 
and  the  catalogue-stars  with  which  they  were  corrected. 
Apart  from  unknown  instrumental  errors  these  probable 
errors  were  respectively  0".03  and  0".3.  Miss  Davis  also 
computed  the  mean  places  of  all  the  catalogue-stars,  the 
reductions  to  apparent  place,  and  the  parallax  factors.  She 
checked  some  of  the  rest  of  the  work,  and  copied  the  final 
results  for  publication. 

The  use  of  so  many  different  comparison-stars  on  a  given 
evening  is  explained  by  the  observer's  hope  that  his  per- 
sonal errors,  and  also  slight  instrumental  errors,  such  as  an 
unknown  slant  of  the  wires,  would  thus  be  nullified  to  a 
certain  extent. 

The  large  number  of  observations  seeks  justification  in 
the  fact  that  the  problem  of  this  comet's  motion  is  a  very 
interesting  one,  and  in  the  further  fact  that  comparatively 
few  observations  seem  to  have  been  made  elsewhere. 

No  companion-comets  were  seen  at  any  time. 


1896  Univ.  Park  M.T. 
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1896  Only. Park  M.T. 
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NOTES. 


1896  Aug.  31st,  Comet  bright,  with  plain  central  condensation. 
Sept.  1st,  Haze  occasionally  blots  comet  out.  4th,  Hunted  in  vain 
for  Spitaler's  comet.  Found  a  very  faint  object  at  23*  38m  — 24°  35', 
which  I  could  not  see  on  Sept.  5.     7th.   Comet  bright,  but   dimmed 

■ii. illy  by  haze,     llth,  Comet  faint;  tine  seeing.     15th,  Comet 

prettj    faint   in  bright  moonlight,     16th,  Moonlight    too  strong  for 

comet.    24th,  Comet  veryhard  to  see  in  bright  moonlight :  individual 

pant.    28th,  Cornel  plain   before  moonrise  and 

not  difficult  afterwards;  seeing  14 1.     29th,  Haze  dims  comet,  but 

observations  good.  Oct.  1st,  Sky  very  clear.  Comet  not  bright; 
observer's  eyes  in  poor  condition.    3d,  Hunted  forthestar  Riimker 

:  rain.  There  was  one  of  9"  at  22»>  v  14s;  —is  6'.2  1 1896.0). 
10"  followed  this  :ii", ut   15'  at  nearly  the  same  declination. 

■  d  seeing.  10th,  Observations  made  after  moon  had  set;  com- 
panion-comets searched  for,  but  not  found.  24th,  ( lomet  quite  faint, 
with  pretty  sharp  nucleus;  moonlight.  27th.  Observations  of  Ju 
difficult;  telescope  unsteady.  The  comet  had  a  sharp  nucleus  visible 
under  strong  illumination.  29th,  Wires  disturbed  during  observa- 
tions. Perhaps  each  observation  should  be  given  half  weight.  Com- 
et's nucleus  bright,  except  when  obscured  by  clouds.  30th,  stopped 
by  clouds.  Nov.  5th,  Cornel  pretty  faint,  but  nucleus  plain,  6th, 
ry  clear.  7th,  Comet  could  not  be  seen  when  close  to  a  9M 
star.      10th,  Moon  about  3n     away,  but   comet's   nucleus  distinct. 


23d,  Comet  very  hard  to  see,  because  of  haze  and  moonlight;  it 
looked  like  a  very  faint  star.  2Sth.  Comet  bright,  and  nucleus  dis- 
tinct. 30th.  Wisps  of  haze  often  made  comet  pretty  faint.  Dec  3d, 
Seeing  good;  when  3"  or  1"  from  a  star  of  the  twelfth  magnitude  the 
comet  was  almost  obliterated;  the  two  looked  like  a  double  star. 
5th,  Seeing  very  steady;  comet  plain.  7th,  Observations  unsatisfac- 
tory because  of  haze.  22d,  Observations  terminated  by  bright  moon- 
light. 23d,  Nucleus  not  plain  most  of  the  time,  because  of  haze. 
24th,  Comet  almost  stellar  in  appearance,  but  faint.  25th,  Sky  very 
clear;  comet  fluffy  and  about  30"  in  diameter:  it  exhibited  no  sharp 
nucleus,  but  a  strong  illumination  of  the  wires  cut  it  down  to  a  small 
bright  spot.  2sth,  Last  observation  of  J 8  very  difficult  on  account 
of  haze.  1897  Jan.  tth,  The  measures  of  Ju  were  made  with  the 
chronograph  and  sidereal  clock,  except  that  five  measures  of  the 
first  set  were  mieromelrie.  Sky  very  clear,  and  definition  fair,  but 
the  comet  was  genorall\  a  faint  Unify  mass  without  visible  nucleus. 
5th,  Beautiful  definition;  comet  easily  seen.  22d,  Comet  not  very 
difficult,  though  the  nucleus  was  not  sharp;  night  clear  and  seeing 
good.  26th,  Seeing  bad;  thermometer  10°;  comet  stellar,  but  very 
faint  and  difficult;  in  or  near  the  zodiacal  light,  which  was  bright. 
Feb.  26th,  Hunted  in  \ain  for  the  comet  from  7!l  "'"  to  7!l  Hi'".  But 
it  was  near  a  9M  star  in  the  zodical  light,  not  far  from  brilliant 
Venus,  and  low  in  the  west. 
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OBSERVATIONS   OF   TUB   PARTIAL 

liv  E.   E.   B 

The  partial  eclipse  of  the  sun  on  the  morning  of  July  29 
was  observed  here  with  the  12-inch  equatorial.  All  the 
observations  but  the  first  contact  were  made  with  a  polar- 
izing eyepiece,  with  a  magnifying  power  of  about  200 
diameters. 

The  conditions  were  very  favorable,  and  the  sky  a  fine 
rich  blue.  The  first  contact  was  observed  by  projecting 
the  image  of  the  sun  from  a  temporary  finder. 

During  the  progress  of  the  eclipse,  the  moon  occulted  a 
fine  large  sunspot.  At  the  disappearance  of  this  object, 
contact  of  the  limb  of  the  moon  with  both  ends  of  the  spot 
wen'  observed,  but  at  emergence  it  had  partly  reappeared 
before  it  was  noticed,  so  that  only  the  last  contact  of  the 
moon  with  it  could  be  observed. 

As  the  conditions  were  very  favorable  for  the  purpose,  a 
careful  search  was  made  for  any  evidence  of  the  moon's 
being  visible  off  the  disc  of  the  sun.  At  first  there  seemed 
to  be  such  a  phenomenon  —  the  limb  of  the  moon  appeared 
to  be  projected  some  2'  or  3'  from  the  edge  of  the  sun. 
This  looked  so  real  that,  without  further  investigation,  one 
might  have  recorded  the  limb  as  being  visible  on  the  sky. 
A  closer  inspection,  however,  with  the  bright  sun  occulted, 
showed  that  this  was  an  illusion  of  some  kind  due  to  the 
condition  of  the  eye  or  eyepiece,  for  no  trace  of  the  dark 
limb  could  be  seen  even  close  up  to  the  edge  of  the  sun, 
when  the  disc  of  the  sun  was  hidden  from  view.  By  un- 
covering the  sun  the  phenomenon  was  very  persistent. 
There  was  no  doubt,  however,  but  that  it  was  not  real.  I 
have  seen  it  stated  that  some  observers  have  seen  the  moon 
projected  on  the  sky  during  the  partial  phase  of  an  eclipse. 
Is  it  possible  that  something  of  this  kind  has  been  seen  ? 
Near  totality  one  would  expect  the  moon  to  be  outlined 
against  the  corona. 

At  present  we  have  no  instrument  for  the  determination 
Terkes  Observatory,  Williams  Bay,  Wis.,  1897  July  30. 


SOLAR  ECLIPSE   OF   1897  JULY  29, 

UiNARD. 

of  accurate  time.  On  this  occasion  a  comparison  was  had 
with  the  Western  Union  time-signals  from  Washington  at 
11  o'clock  on  the  29th  and  30th  by  means  of  a  watch. 

I  wish  here  to  express  my  very  great  obligation  to  Mr. 
W.  H.  Weight,  who  kindly  made  the  comparisons  at  the 
railway  station  a  mile  from  the  observatory.  His  skill  and 
care  will  have  insured  the  accuracy  of  these  comparisons. 
The  watch  was  repeatedly  compared  with  a  chronometer  at 
the  observatory. 

The  approximate  position  of  the  Yerkes  Observatory,  as 
determined  by  Mr.  Wright  from  observations  with  a  very 
small  universal  instrument,  is 


Longitude  west  of  Greenwich, 
Latitude, 


5h    54m    148± 

+  42°  34'  15"  ± 


Observations  (90th  meridian  time). 

First  contact,  1897  July  28,   19  35"29.6     Fair  observation 
Last  contact,  21  45  22.0     Good         " 

Duration  of  eclipse,  2     9  52.4 

Following  are  the  observations  of   the   contact   of   the 
moon's  limb  with  the  large  sunspot. 

At  Disappearance. 


First  contact, 
Second  contact, 


19  53     8.7 
19  48  46.7 


There  is  evidently  an  error  of  five  minutes  in  one  of 
these  observations.  Should  it  be  deemed  of  sufficient  im- 
portance, it  will  be  possible  by  reference  to  photographs  to 
show  which  observation  is  in  error.  There  was  a  smaller 
spot  some  distance  from  this  one  ;  the  moon's  limb  passed 
between  them,  but  did  not  occult  the  second  one. 

Last  contact  of  the  moon  with  the  same  spot,  when  leav- 
ing it  at  reappearance  =  20"  30m  19".6.  In  the  sunspot 
observations  the  contacts  refer  to  the  edges  of  the  umbra. 


SOLAR   ECLIPSE 

By  WM,  F. 
The  solar  eclipse  of  1897  July  29  was  observed  at  Creigh- 
ton  College  Observatory  with  a  five-inch  equatorial.  An 
enlarged  image  of  the  sun  was  projected  upon  a  piece  of 
white  cardboard  attached  to  the  eye-end  of  the  telescope. 
The  image  was  slightly  tremulous.  The  contacts  were  ob- 
served by  me  on  a  chronograph,  and  occurred  0S.43  and 
0S.92  after  the  predicted  times  of  the  American  Ephemeris, 
7h  29m  38.00  and  9"  36m  19s.80,  a.m.,  Central  Time  (90th 
meridian).  My  brother,  Joseph  Rigge,  S.J.,  noted  the 
contacts  about  1£  and  2  seconds  before  I  did,  but  as  he  had 
no  observing  key,  this  interval  could  not  be   determined 


OF   1897  JULY  29, 

RIGGE,  S.J. 
with  accuracy.  I  myself  am  under  the  impression  that  I 
was  about  half  a  second  late  at  the  first  contact,  because  I 
did  not  press  the  button  until  I  saw  the  sun  perceptibly 
indented.  The  last  contact  seemed  to  me  to  be  well  ob- 
served, although  I  may  possibly  have  been  late  there  also. 
Time-observations  were  secured  with  a  three-inch  transit 
the  night  before  and  after,  and  also  during  the  eclipse.  The 
Greenwich  longitude  of  our  observatory  is  +6h  23m  468.96, 
the  latitude  +41°  16'  5". 6,  and  the  height  of  center  of 
equatorial  telescope  above  sea  level  is  1154  feet. 
C'reighton  College  Observatory,  Omaha,  Neb. 
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<)N    THE    FORMATION 


OF   A    NEW    DIVISION    IN 

Bl    J.   M.  SCHAEBERLE. 


THE    B-RESTG    OF    SATURN, 


During  the  presenl  opposition  of  Saturn  a  partial  division 
in  the  B-ring  exists,  which  has  not  been  visible  to  me  in 
the  pre  \  ears. 

i  -  of  a  few  measures  make  the  distance  of  the 

of  this  division  0".7  from  the  innei  ed  e  oi   ring  />'. 

I  ':.    i  i.lih  of  the  division  is  aboul  the  same  as  thai  oi  the 

oi-division  :  but  while  the  latter  is  always  a  conspicu- 

ature  of  the  ring-system,  the  new  division  is  evidently 

Lick  Observatory,   University  of  California,  1897  July  26. 


not  complete,  for  it  contains  matter  which  reflects  lighl  to 
such  an  extent  that  when  the  c<  tm  lit  inns  of  seeing  are  not 
tail  this  new  division  would  be  overlooked.  With  the  ex- 
ception of  aboul  30  each  ide  of  inferior  and  superior  con- 
junction, the  division  can  be  traced  throughout  the  whole 

oing  part  of  the  ring,  when  the  seeing  is  best. 
1  have  not  been  able  to  see  a  division  between  the  rings 
/.'and  C  as  announced  by  Mr.  Brenner. 


MEASURES   OF   70  OPHIUCHI (2-2272), 

liv  II.  S.  PRITCBTETT. 


The  following  observations  of  position-angle  and  dis- 
tance of  70  Ophiuchi  were  made  with  the  12-J-inch 
equatorial    of    the    Morrison    Observatory.     A    power    of 

til  Ml   was    used. 

Glasgow,  Mo.,  1897  Aug.  7. 


Epoch 

Sid.  Time 

Pos.  Angle 

Diet. 

1897.58 

17.5 

277.98 

1.95 

.58 

L6.5 

276.63 

L.97 

.59 

16.5 

276.20 

2.13 

1897.59 

16.9 

L'75.5(i 

2.05 

1897.585 


276.58 


2.03 


EPHEMERIS   OF   COMET  a  1897  (dm/; best's), 

By  G.  LEVEAU,  (Comptes  Rendus,  July  19). 
Paris  Mean  Midnight. 
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189*2  Mi.  Hamilton  M.T. 
July 


OBSERVATIONS  OF  D'ARREST'S  COMET  (=  cl  1897), 

MADE    WITH    THE    12-INCH    EQUATORIAL   OF    THE    LICK    OBSERVATORY, 

By  R.  G.  AITKEX. 
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+6  32  0.2 

+  6  33  5.(1 


„'.u;.-,n 

//'.l.C.Vl 


0  702 
0.705 


Mean  Places  for  1S97.0  of  Comparison- Stars. 

Red.  to  £  lied,  to 

O-  app.  place  o  app.  place 


Authority 


2  27  1.42 
2  27  33.16 
2  29     6.30 


4-1.99 


a  2  02 


+6  33 
+6  30 

+  6  33 


I'.n 
4.0 


+16.1 


+  16.2 


Comparison  with  (2) 

(Irani  571 
Comparison  w  ii  b  1 2 1 


Ju  was  measured  directly  with  the  micrometer  on  both  nights. 


COXTEXTS. 
Obs!  I  '  I stiil   VI  (=  lsst)  V),   UY   Ili:ia;i:i:T  A.   Howe. 

Observations  of  the  Partial  Solar  Eclipse  of  1897  July  29,  by  E.  E.   Barnard, 
Solar  Eclipse  oi   1897  July  29,  by  Wm.  v.  Rigge,  S.J. 

\    Ni.w    DlVISIOS    IN    mi:    7;  Kino   or  SATURN,    BY   .1.    M.    SCHAEB]  i:i. 

Measures  oi    70  Ophtuchi  (2  2272),  by  II.  S.   Pbitohett. 
Ephemebis  of  Comet  a  1897  (D* Arrest's),   by  G.   Leveau. 

ltions  oi    D' Arrest's  Cohei  (=  a  1897),   by  II.  <;.  Aitken. 
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THE  .TELEGRAPHIC    LONGITUDE    NET   OF    THE   UNITED   STATES   AND   ITS 

CONNECTION   WITH   THAT   OF  EUROPE,  AS   DEVELOPED   BY   THE 

COAST   AND   GEODETIC   SURVEY  BETWEEN   1866  AND  1896,* 

By  CHARLES  A.   SCHOTT,  Assistant. 

Other  cable  determinations  were  secured  by  the  Coast 


The  early  determination  by  astronomical  methods  of  a 
standard  longitude,  for  the  use  of  the  surveys  and  charts 
of  the  United  States,  was  a  matter  of  prime  importance  to 
the  operations  of  the  U.S.  Coast  Survey,  and  it  spared  no 
labor  to  obtain  the  most  reliable  value  by  the  means  then 
available.  As  the  result  of  his  computations  and  discus- 
sions,  S.   C.  Walker,  Assistant,  reported  under   date   of 


September,  1851,  the  following 
the  Cambridge  Observatory  : 


values  for  the  longitude  of 


West  of  Gr. 
4h  44m28!42 
4  44  29.64 
4  44  30.10 


(.1).     From  moon  culminations, 

(B).     From  eclipses,  transits  and  occupations, 

(C).     By  chronometric  expeditions, 

When  in  May,  1844,  Morse  flashed  the  first  telegraphic 
messages  over  the  wires  between  Washington  and  Balti- 
more, with  a  time  of  transmission  apparently  too  short  for 
measure,  the  idea  of  utilizing  the  new  method  for  the  de- 
termination of  the  difference  of  longitude  must  have  readily 
suggested  itself  to  the  mind  of  astronomers.  In  the  autumn 
of  1845  Superintendent  Bache  instructed  Assistant  Walker 
to  devise  practical  means  for  the  employment  of  the  electric 
telegraph  for  longitude  work.  With  the  cooperation  of  the 
U.S.  Naval  Observatory,  the  cities  of  Washington  and  Phil- 
adelphia were  connected  on  October  10,  1846,  and  their 
difference  of  longitude  was  found  to  be  7m  34".3.  After  the 
retirement  of  Professor  Walker  in  1852,  Dr.  B.  A.  Gould 
took  charge  of  the  longitude  work  of  the  survey  up  to  1867  ; 
the  Coast  Survey  Report  for  that  year  contains  his  report 
"  On  the  longitude  between  America  and  Europe  from  sig- 
nals through  the  Atlantic  cable."  The  resulting  longitude 
of  the  Cambridge  Observatory  from  the  measures  over  the 
land  lines  and  cable  of  1866  was 

4"  44m  30S.S5. 


Survey  in  1870  and  1872,  but  the  latest  determination  in 
1892  is  due  to  the  cooperation  of  the  McGill  College  Observ- 
atory at  Montreal,  Canada,  with  the  Greenwich  Observatory. 
The  Survey  is  indebted  to  Prof.  C.  H.  McLeod,  in  charge 
of  the  McGill  Observatory,  for  the  courtesy  of  communi- 
cating the  resulting  difference  of  longitude,  Montreal  and 
Greenwich,  in  advance  of  its  publication.  The  final  value 
for  the  longitude  of  the  Harvard  Observatory  at  Cambridge, 
as  adjusted  in  June,  1897,  is 

4h  44'"  3P.046  ±0».048. 

The  standard  longitude  for  the  geodetic  work  of  the 
Survey  will,  of  course,  depend  upon  the  connection  of  a 
number  of  telegraphic  longitude  and  triangulation  stations 
in  order  to  eliminate,  as  far  as  may  be,  local  deflections. 

The  longitude  net,  as  developed  during  30  years,  is 
shown  on  the  accompanying  chart;  inclusive  of  somr  Eu- 
ropean stations  it  is  composed  of  45  stations  connected  by 
72  links.  It  will  be  seen  that  practically  three  lines  cross 
the  continent,  one  near  our  northern  boundary,  one  near 
the  southern,  and  an  intermediate  one,  aud  the  three  are 
connected  by  cross  lines.  Only  those  determinations  were 
admitted  into  the  scheme  for  which  the  personal  equations 
were  eliminated  by  interchange  of  places  of  the  observers  ; 
in  a  very  few  exceptions  the  personal  equations  were  other- 
wise ascertained,  and  there  are  a  few  links  included  which 
are  due  to  other  observers  than  those  of  the  Coast  and  Geo- 
detic Survey. 

The  original  paper,  which  will  form  Appendix  No.  2  of 
the  Annual  Report  for  the  year  1897,  will  contain,  besides 
the  introduction  and  historical  sketch  of  the  telegraphic 
method,  information  respecting  location,  observers,  instru- 
ments, method  of  observing  and  computing,  as  well  as  com- 


*  Abstract   of  paper   published  with   the   approval   of  W.  W.  Duffield,  Superintendent  of  the   U.S.  Coast  and   Geodetic  Survey. 
The  paper  will  appear  in  full  as  Appendix  Xo.  t  in  the  Annual  Report  of  the  Superintendent  for  the  fiscal  year  ltsi>7. 
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abstracts  of  the  individual  or  nightly  results  for  ever] 
determination.  The  treatment  for  adjustment  of  the  dif- 
ferences of  Longitudes  entering  into  the  net,  is  the  same  as 
that  followed  by  me  in  the  preliminary  adjustment  of  longi- 
tudes given  in  Appendix  No.  11,  Coast  Survej  Report  for 
188 1.  Weights  are  introduced  depending  upon  the  probable 
errors  assigned  to  the  results,  but  the  maximum  weight 


admitted  is  thai  corresponding  to  a  probable  error  of 
•  n  008,  values  smaller  than  this  received  the  same  weight. 
Their  were  28  "l >sen at ii m  equations,  and  the  corrections 
resulting  from  the  solution  of  the  normal  equations  are 
given  below,  together  with  the  72  observed  ami  corrected 
differences  of  Longitude. 


Table  of  Observed    Differences   of    Long e  with  Probable  Error,    \m>   of   Corrections   Due   ro 

Adjustment   of   dhi    Net,   roGETHEB  with   Resulting   Differences  of  Longitude. 


Date  of  Observation 

Point 

Point 

i  Hi-i  n  nl  liitf.-r.-iiri- 

Adjusted 

,  e  11 

Month 

Western  station 

of 

Refer. 

Eastern  station 

nl 
Refer. 

of  Longitude 
with  Probable  Error 

Cor- 
rection 

Difference  of 
Longitude 

L866 

( let.  and  Nov. 

Heart's  t  lontent,  N.K.. 

Tr. 

Foilhommerum,  [re. 

Tr. 

2  5156.364  t  0.029 

+o!ois 

i'  7,1  56.379 

L866 

Nov. 

iMiilhonimeruiii, Ireland 

Tr. 

Greenwich,  Eng. 

Transil 
Circle 

il  :;:;.;;  I    ±0.06 

+ 

.009 

11  33.409 

L866 

Dec. 

( lalais,  Me. 

Tr. 

Eeart's  Content,  NI 

Tr. 

.v>  38.00    i  tint; 

+ 

.069 

.v.  38.069 

L869 

Feb. 

Salt  Lake  City .  1  tah 

Tr. 

<  fmaha,  N  eb. 

Tr. 

1    :;  19.113±0.016 

_ 

Jil'7 

l    :;  19.086 

1869  7" 

1  '• '    Jan.  Feb.  <  Cambridge,  Mass. 

1  »i ■ 

I  luxliury.  Mass. 

Tr. 

1  50.191±0.022 

— 

.mi:; 

1  7,n.  iss 

L870 

Jan.  and  Feb. 

Duxbury,   Mass. 

Tr. 

Brest,  France 

Limit. it 

SI   l. ■ 

1  l'l  13.276±0.047 

_ 

.(117, 

1  24  L3.261 

1872 

July 

Brest,  France 

Towerof 

SI.  I.e. Ills 

(  Ireenu  ieh,   Eng. 

Transil 
Circle 

17  57.598  ±0.022 

_ 

.1101 

17  7.7..V.I7 

1872 

July 

Brest,  France 

T,. u.l. it 

St.    1. , 

Paris,  France 

Mot'l' 

27  18.533±0.038 

+ 

n:;i' 

27  IS. 7,07, 

1872 

Jul] 

st.l'ni  re  [sl.,Miquelon 

Tr. 

Brest,  France 

Tower  oi 

St    Linns 

.",  26  1 4.810  t  0.027 

+ 

.020 

:;  26  14.830 

is:.' 

July  ami    Lug. 

Cambridge,  Mass. 

Dome 

St.Pierre  Lsl.,Mique. 

Tr. 

.v.i  L8.608±0.021 

f 

.nil 

7,;i  48.619 

1S72 

An--,  and  Sept. 

Greenwich,  England 

Transit 
Circle 

Paris,  France 

MofI 

;i  21.000±0.038 

— 

.032 

;i  20.968 

L879 

Jan.  Feb.  Mar. 

Atlanta.  <  la. 

Tr. 

Washington,  D.C. 

l  tome 

nlil  site 

29  21.192  d  ii.nl  i; 

_ 

.007 

L".>  l'l.  1S7, 

1879 

Now  and  1  'ec 

Nashville,  Tenn. 

Tr. 

l,i'iiis\  ill.-,  K  \ . 

Tr. 

1     L.451  ±0.013 

— 

.004 

1     4.447 

1ST'.'  80 

1  tec.  and  Jan. 

Na  -li\  ill.-,  Tenn. 

Tr. 

Atlanta.  Ga. 

Tr. 

9  34.760±0.012 

— 

.015 

0  34.745 

L880 

Feb.  and  .Mar. 

New  t  Orleans,  La. 

Transit 
..I  1896 

Nashville.  Tenn. 

Tr. 

l:;    8.677±0.009 

+ 

.003 

13    8.080 

1SSII 

Mar.  and  Apr.  New  Orleans,  La. 

Transit 
01  189G 

At  Lanta,  1  ra. 

Tr. 

22  43.371  ±0.013 

+ 

.117.1 

•_'!'  43.425 

L880 

May 

Atlanta,  Ga. 

Tr. 

Charleston,  S.C. 

Tr. 

17  49.222±0.010 

+ 

.040 

17  49.262 

L881 

May 

Washington,  D.C. 

Dome 

"i'i  site 

Cape  May,  N.J. 

Tr. 

s  29.074±0.009 

+ 

.034 

S  29.108 

•ISM 

May  and  June 

1  let  nut.  Mich. 

Transit 

of  169] 

Cambridge,  Mass. 

Dome 

17  lu.si u; ±0.01.*! 

_ 

.022 

17  40.784 

L881 

J  iil\   and  Aug. 

( lincinnati,  Ohio 

1  >ome 

Washington.  D.C. 

■  ■la  site 

29  29.259±0.011 

_ 

.(HI 

L".i  29.245 

1SS1 

An-,  and  Sept. 

Nashville,  Tenn. 

Tr. 

Cincinnati,  Ohio 

1  ionic 

0  26.682±0.006 

+ 

.no;; 

9  26.685 

1883 

Sept .  and  l  lei . 

Saint  Louis,  Mo. 

Tl.ltlsll 

..J     1XVJ 

Cincinnati,  Ohio 

Dome 

23    7.894  ±0.015 

— 

.030 

23    7.858 

1SS1 

<  let.  and  Nov. 

Saint  Louis,  Mo. 

Transit 

Nashville,  Tenn. 

Tr. 

13  41.207 ±0.013 

_ 

.034 

13  41.173 

1882 

Sept.  and  ( let. 

Kansas  <  !ity,  .Mo. 

Tr? 

Saint  Louis,  Mo. 

Transil 

17  32.183  ±0.011 

— 

.037. 

17  32.148 

I  882 

(  let.  and  Nov. 

<  'niaha.  Neh. 

Tr. 

Saint  Louis,  Mo. 

Transil 

22  56.831  ±0.010 

.000 

22  56.83] 

L882  83 

Nov.  Dec.  Jan. 

Omaha,  Neb. 

Tr. 

Kansas  City,  Mo. 

Tr? 

5  24.626±0.016 

+ 

.057 

7, 1'l.os;; 

■iss:; 

June 

Montreal,  Canada 

Tr.  .if 
McG.  i  »i'. 

Cambridge,  Mass. 

Dome 

9  47.549 ±0.019 

+ 

.039 

ii  47.588 

L883 

Sept.  Oct.  Nov. 

Chicago,  111. 

Transit 
01   189] 

Louisville,  Ky. 

Tr. 

7  25.808  ±0.010 

+ 

.002 

7  25.810 

1885 

Apr.  and  May 

Galveston,  Texas 

Transit 

Little  Rock,  Ark. 

Tr. 

10    4.192  ±0.011 

+ 

.009 

10    4.201 

Iss.", 

May  and  June 

Kansas  City,  Mo. 

T* 

Little  Rock,  Ark. 

Tr. 

'.»  17..044± 0.003 

+ 

.033 

9  17,.0,77 

1 885 

July  and  Aug. 

( lolorado  Springs,  Colo. 

Tr. 

Kansas  City,  Mo. 

Tr. 

40  55.327±0.011 

_ 

.021 

40  55.306 

1886 

May  and  June 

Santa  Fe,  N.M. 

Tr. 

Colorado  Spgs.,  Col. 

Tr. 

4  30.107  ±  n.01 :' 

— 

.012 

4  30.095 

L886 

Aug.  and  Sept . 

Salt  Lake  City,  Utah 

Tr. 

Colorado  Spgs.,  1  !ol 

Tr. 

28  L8.471  ±0.008 

— 

.(MIX 

28  18.403 

1 887 

May  and  June 

San  Francisco,  Cal. 

Transit 

Salt  Lake  City.  Utah 

Tr. 

42    7.696±0.01d 

— 

.tins 

42    7.688 

iss; 

JuneJulyAug. 

Portland,  Oregon 

'"Tr."1, 

S;m  Francisco,  Cal. 

Transit 
I.af  l'ark 

59.983±0.015 

— 

; 

7,0.077 

1S.X7 

Sept. 

Portland,  •  >regon 

Tr. 

Walla  Walla.  Wash. 

Tr. 

17  19.503  ±0.01 1 

+ 

.004 

17  19.507 

1887 

Sept.  and  (  let. 

Walla  Walla.  Wash. 

Tr. 

Salt  Lake  City, Utah 

Tr. 

25  18.186±0.009 

— 

.028 

25  18.158 

1888 

June  and  July 

Portland.  ( hegon 

Tr. 

Seattle,  Wash. 

Tr. 

1  22.486  ±0.026 

— 

; 

1  22.480 

L888 

Aug. 

Seattle,  Wash'. 

Tr. 

Walla  Walla,  Wash. 

Tr. 

1.".  57.028±0.009 

_ 

.001 

17,  7,7.(IL'7 

1888 

An-. and  Sept. 

Walla   Walla,  Wash. 

Tr. 

1  [elena,  Montana 

Tr. 

25  1  t.510±0.006 

+ 

.n:;:- 

25  11,'.  1- 

1888-89   Dim.  and. Ian. 

San  Francisco,  Cal. 

Transil 

i 

Sacramento,  Cal. 

Tr. 

3  44.487± 0.008 

— 

.013 

3  44.474 

L889 

Mar.  and  Apr. 

■■tit ii.  Cal. 

Tr. 

Los  Angeles,  Cal. 

Tr. 

li'  56.840  t  0.010 

— 

.01  1 

1L'  56.826 

L889 

Apr.  and  Ma\ 

San  Francisco,  Cal. 

Transit 
tPars 

Los  Angeles,  Cal. 

Tr. 

1<;  U.282  t  0.009 

+ 

.nis 

10   11.3110 

L889 

Ma\  ail 

Los  Angeles,  Cal. 

.  Cal. 

Tr. 

11  36.728  I  0.016 

— 

.on:; 

1  1  :;o.7:'7. 

1890 

'  July 

Helena,  Montana 

Tr. 

Salt  Lake  City,Utah 

Tr. 

33.577  ±0.013 

+ 

.039 

33.010 

L890 

duly  and  Aug.  1  [elena,  Montana 

Tr. 

Bismarck,  N.D. 

Tr. 

45    0.839  t  0.012 

+ 

.012 

17,    0.851 

1890 

Aug.          Bismarck,  N.D. 

Tr. 

Minneapolis,  Minn. 

Tr. 

3  .'111  11. HS( ) ±0.000 

+  0 

.0131 

3  30  11.093 

•This  determination  depends  upon  other  than  Coast  ami  Geodetic  Survey  authority. 
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Date  of  Observation 

Point 

Point 

( Ibserved  Difference 

Adjusted 

Western  Station 

of 

Easterii  Station 

of 

of  Longitude 

Cor- 

Difference of 

Year 

Month 

Refer. 

Refer. 

with  Probable  Error 

rection 

Latitude 

1891 

May  and  June 

<  'ape  Ma\    N..I. 

Tr. 

Albany,  N.V. 

Dome 

■  illl    Mill' 

3    i"'i:s!o20±o!'oio 

+  0!033 

3     T  i.J?053 

1891 

.1  inn'  and  July 

Detroit,  M  ich. 

Transit 
0)  i  191 

Albany.  N.V. 

Dome 

nlil  Sit,' 

37  11.845  ±0.005 

— 

.007 

37  11.838 

1891 

July 

Chicago,  111. 

h.m.il 

Of  L89! 

Detroit,  Mich. 

Transit 

..I  L891 

18  17.634  ±0.006 

_ 

.(US 

IS  17.616 

1891 

Aug. 

Minneapolis,  Minn. 

Tr. 

( Ihicago,  111. 

Transit 

..I    1   :il 

22  27.414  ±0.010 

_ 

.016 

22  27.399 

1891 

Aiil;.  and  Sept, 

Omaha,  Neb. 

Tr. 

Minneapolis,  Minn. 

Tr. 

10  49.209  ±  0.010 

_ 

.027 

10  49.242 

1892 

Feb.  and  Mar. 

Los  Angeles,  Cal. 

Tr. 

San  Diego,  Cal. 

Tr. 

4  22.786  ±0.010 

+ 

.027 

■1  22.813 

1892 

March 

San  Diego,  Cal. 

Tr. 

Yuma.  Arizona 

Tr. 

10    9.114  ±0.005 

+ 

.026 

10     0.110 

1892 

Mar.  ami  Apr. 

Los  Angeles,  Cal. 

Tr. 

Yuma,  Arizona 

Tr. 

14  31.974  ±0.(10(1 

_ 

.021 

14  31.953 

1S92 

April 

Yuma.  Arizona 

Tr. 

Nogales,  Arizona 

Tr. 

1  1   L3.690±0.007 

+ 

.ooo 

14  43.696 

1892 

Apr.  and  May 

Nogales.  Arizona 

Tr. 

El  l'aso,  Texas 

Tr. 

17  48.520±0.009 

+ 

.006 

17  48.526 

*1892 

? 

Montreal,  Canada 

Tr.  .'f 
McG.Ob. 

( ireenwieh,  Eng. 

Transit 
Circle 

1  54  is. 07    ±     ? 

_ 

.036 

1  54  18.634 

1893 

Feb.  and  Mar. 

El  1  'aso,  Texas 

Tr. 

Little  Rock,  Ark. 

Tr. 

.-)0  51.681  ±0.009 



.022 

56  51.659 

1895 

Feb.  and  Mar. 

Needles,  Cal. 

Tr. 

Santa.  Ee,  N.M. 

Tr. 

34  38.032  ±0.013 



.0(11 

;;i  38.031 

1895 

March 

El  Paso,  Texas 

Tr. 

Santa.  Ee,  N.M. 

Tr. 

L'  10.59.3  ±0.009 



.oil' 

2  10.581 

1895 

April 

El  l'aso,  Texas 

Tr. 

Austin,  Texas 

Tr. 

35    0.322±0.004 

+ 

.01(1 

35    0.362 

1895 

May  and  June 

Austin,  Texas 

Tr. 

Galveston,  Texas 

Transit 

-i  i mi:, 

11   17.o,S7±  0.004 

+ 

.009 

11  47.096 

1895 

June  and  July 

Austin,  Texas 

Tr. 

New  Orleans,  La. 

Transit 
Of  L895 

30  40.230  ±0.010 

+ 

.031 

30  40.201 

1895 

Aug. and  Sept. 

Cambridge,  Mass. 

Dome 

Calais,  Me. 

Tr. 

15  23.187±0.007 

+ 

.002 

15  2:;.is:i 

1S96 

Feb.  and  Mar. 

Key  West,  Fla. 

Tr. 

( Iharleston,  S.C. 

Tr. 

7  29.509  ±0.003 



.006 

7  29.503 

1896 

March 

Atlanta,  Ga. 

Tr. 

Key  West,  Fla. 

Tr. 

10  1 9.705  ±  0.007 



.00(1 

lo  19.759 

1896 

April 

Little  Rock,  Ark. 

Tr. 

Atlanta,  Ga. 

Tr. 

:;i  32.369±0.005 

+ 

.020 

:;i  32.389 

1896 

Apr.  and  May 

Charleston,  S.C. 

Tr. 

Washington,  D.C. 

Dome 

okl  silt- 

11  31.888  ±0.005 

+ 

.035 

11  31.923 

1896 

May  and  June 

Washington,  D.C. 

Old  ail,' 

Cambridge,  Mass. 

Dome 

:'.",  11.1. 'is  ±0.014 

_ 

.031 

23  41.107 

1896 

Aug.  and  Sept. 

Albany,' N.V. 

nlil  Bite 

Cambridge,  Mass. 

Dome 

10  28.926  ±0.008 

+ 

.020 

10  28.946 

1896 

Sept.  and  Oct. 

Albany,  N.Y. 

Dome 

old  siii- 

Montreal,  Canada 

Transit 

Mil,    oli. 

41.352  ±0.007 

+0.006 

41.358 

;  This  determination  depends  upon  other  than  Coast  and  Geodetic  Survey  authority. 


The  satisfactory  character  of  the  observations  may  be 
judged  of  by  the  smallness  of  the  probable  errors  of 
measure,  as  well  as  by  the  small  corrections  needed  to  sat- 
isfy the  conditions.  The  average  value  of  the  former, 
without  regard  to  sign,  is  0".020,  and  the  probable  error  of 
a  single  resulting  difference  of  longitude,  as  adjusted,  is 
±  0".024.  A  direct  computation  for  the  probable  error  of 
the  resulting  longitude  of  Washington,  old  Naval  Observa- 
tory, gave  the  value  ±0S.049,  and  a  similar  computation 
for  San  Francisco,  Lafayette  Park  Observatory,  gave 
±0S.055.  In  the  present  adjustment  the  largest  correction 
is  less  than  08.07,  and  this  falls  upon  the  old  (1866)  lines 
from  Foilhommerum  to  Greenwich,  and  from  Calais  to 
Heart's  Content,  determinations  which  are  somewhat  out 
of  date  as  regards  accuracy.  We  have  here  retained  the 
value  of  A\  Greenwich  and  Paris  as  found  by  the  American 
party  in  cooperation  with  the  respective  observatories, 
since  no  agreement  has  been  reached  as  to  its  true  value ; 
our  determination,  however,  is  near  the  mean  value  of  the 
numerous  direct  and  indirect  measures  in  the  European 
net. 

Putting  our  results  together,  we  have  the  following  table 
of  resulting  longitudes,  west  of  Greenwich  : 

h       m       8 

Greenwich,  England.     Transit  circle,  0     0     0.000 

Paris,  France.     Meridian  of  France,  0     9  20.968  E. 

Brest,  France.     Tower  of  Saint  Louis,  0  17  57.597 


Foilhommerum,  Ireland.     Transit, 

Heart's  Content,  Newfoundland.     Transit, 

Saint  Pierre  Isl.,  Miquelon  Group.  Transit, 

Calais,  Me.     Transit, 

Duxbury,  Mass.     Transit, 

Cambridge,  Mass.     Dome  Harv.  Coll.  Obs'y, 

Montreal,  Can.     Transit  MeGill  Coll.  Obs'y, 

Albany,  N.Y.    Dome  Dudley  Obs'y,  old  site, 

Cape  May,  N.J.     Transit, 

Washington,  D.C.  Dome  U.S.N.  Obs'y,  old  site, 

Charleston,  S.C.     Transit, 

Key  West,  Fla.     Transit, 

Detroit,  Mich.     Transit  of  1891, 

Atlanta,  Ga.     Transit  of  1890. 

Cincinnati,  Ohio.     Dome  Mt.  Lookout  Obs'y, 

Louisville,  Ky.     Transit, 

Nashville,  Tenn.     Transit, 

Chicago,  111.     Transit  of  1891, 

New  Orleans,  La.     Transit  of  1895, 

St.  Louis,  Mo.  Transit  1882  of  Wash.  Univ., 

Little  Rock,  Ark.     Transit, 

Minneapolis,  Minn.     Transit, 

Kansas  City,  Mo.     Transit, 

( ialveston,  Tex.     Transit  of  1895, 

Omaha,  Neb.     Transit, 

Austin,  Tex.     Transit, 


0 

41 

33.409 

3 

33 

29.788 

3 

44 

12.127 

4 

29 

7.857 

4 

42 

40.858 

4 

44 

31.046 

4 

54 

18.634 

4 

54 

59.992 

4 

59 

43.045 

5 

8 

12.153 

5 

19 

11.070 

5 

27 

13.579 

5 

32 

11.830 

5 

37 

33.338 

5 

37 

41.398 

5 

43 

3.636 

5 

47 

8.083 

5 

50 

29.446 

6 

0 

16.763 

6 

0 

49.256 

6 

9 

r..727 

6 

12 

56.845 

6 

18 

21.404 

6 

19 

9.928 

6 

23 

46.087 

6 

30 
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Bismarck,  N.D.     Transit. 

Colorado  Springs,  Colo.     Transit  oi  L886, 

I',  .   N.M.      Transit. 
El  Paso,  Tex.     Tj 

5,  Ari/.     Transit, 
Salt  Lake  City,  (Jtah.     Transit, 
Helena,  Mont.     Transit. 
Needles,  Cal.     Transit. 
Yuma,  Ariz.      Transit, 
San  Diego,  Cal.     Transit  oi  L892, 
I        tngeles,  Cal.     Transit  of  L892, 
Walla  Walla.  Wash.     Transit. 

imento,  Cal.     Transit, 
Seattle,  Wash.      Transit. 
San  Francisco,  Cal.     Transit  Lafayette  Park, 
Portland,  Oregon.     Transit, 


In  conclusion,  the  paper  contains  the  longitudes  of  a  few 
prominent  observatories  directlj  connected  with  the  Coasl 
anil  Geodetic  Survey  system  ;  they  are  as  follows  : 

1 1 ).  The  U.S.  Naval  Observatory,  new  site  on  George- 
town Beights  '  since  1  s<J3). 

■  I  s.  Naval  Observatory,  m  w  site  ami  old  site,  observed 
in  1893,     JA  =  3S.670  ±0S.012. 


<i 

13     7.938 

6 

59   L6.710 

7 

;;   16.805 

7 

5  57.386 

7 

23   15.912 

7 

27  35.173 

7 

28     8.789 

7 

38  24.836 

7 

38  29.608 

7 

is  38.748 

7 

53     L.561 

7 

53  23.331 

8 

5  58.387 

8 

;i  20.358 

s 

9    11'. sc,l 

8 

L0   12.838 

U.S.  Naval  Obsen  atorj  .  old  site,  and  U.S.  Coast  and  Geo- 
detic Snrvej  Office,  observed  in  1896,  ./A=  10,.462±0,.008. 

LT.S.  Naval  Observatory,  tint-  site,  and  I'.S.  Coast  and  (leu- 
del  lc  Survey,  <  >ffice  station,  observed  in  L897,  IX  =  1  l',065 
fc0\006.  The  closing  error  of  the  triangle  is  0'.067  ±0'.016 
The  adjusted  values  of  l\  are  :;\r,:;t.  In  .  1 1 1  and  1  I  ,075, 
and  the  resulting  Longitudes  become 
U.S.  Naval  Observatory,  new  site,  meridian  of  clock  room. 

5    s     L5'.784    t0\050. 
U.S.  Coast  and  Geodetic  Survey,  Office  station,  5h  8°  t'.709. 

(2).  The  longitude  of  the  Lick  Observatory  on  Mount 
Hamilton,  Cal.,  depends  upon  the  observed  difference  l\ 
(October  and  November,  L888),  between  it  and  the  Lafay- 
ette Park  transit  at  San  Francisco;  wo  have  ./a  —  .">"■  7 '.966 
tO  013,  hence  longitude  oi  Lick  Observatory  meridian 
of  1  ransit  house,     S1'  6m  34'.895  ±  0-.057. 

(3).  The  difference  of  longitude  (observed  in  1886)  be- 
tween the  Ogden  Observatory  established  by  the  I'.s.  Engi- 
neers in  1S7.'!  and  Salt  Lake  transit,  was  •_•  i  ..",.;:;  t  ( >-.< >  1 1 , 
hence  the  longitude  of  the  Engineer's  Observatory  (east 
transit  in  west  room  i.     7h  27'"  59'.706  £0'.055. 

<  1 1.  The  astronomic  observatory  at  Detroit,  established 
by  the  U.S.  Lake  Survey,  was  found  to  be  0*.366  west  of 
the  C.  and  G.  station  of  1891  at  Detroit,  hence  longitude 
of  the  U.S.  Lake  Survey  Observatory,  5h32m12M96±0  .050. 


termination  rests  upon  observations  by  the  Observatory  staff. 


PHOTOGRAPH  OP  AN  AUGUST  METEOR, 

V,\    E.  E.  BARNARD. 


The  full  moon  interfered  greatly  this  year  with  the 
visibility  of  the  August  meteors. 

Taking  into  account  the  effect  of  moonlight,  there  did 
not  seem  to  be  more  than  the  average  number,  if  as  many 
as  usual. 

Photographic    plates  were  exposed  on  the  mornings  of 

August  10th,  11th  and  12th,  after  moonset,  in  hopes  of 

•  teor  trails.     Two  cameras  were  used ;  a  1-J-inch 

lantern  lens  of  6.4-inch  focus,  and  a  3-j^-inch  Clark  portrait 

lens  of  19.4-inch  focus. 

Only  one  meteor  was  secured  —  a  very  fine  one.     This 

•  left  its  trail  on  both  plates.     The  full  length  of  its 

path,  about  8°,  is  recorded.     The  approximate  positions  of 

the  ends  of  the  trail,  taken  from  Proctor's  smaller  star 

atlas,  are 

Beginning,        a   =  2  5$     ,     8  =    +23.7  ) 
Endi  2  59     ,  +32.0  >" 

the  direction  being  due  south. 


l.s.xu 


The  exposure  given  these  plates  was 

1897  August  10"  15"  19m    to    15h  49m. 

The  actual  meteor  was  not  seen,  so  that  the  exact  time 
of  its  flight  is  unknown. 

This  must  have  been  a  very  bright  meteor,  as  the  trail, 
which  is  perfectly  straight,  is  strong  and  clear.  Near 
the  southern  end  of  its  path  it  evidently  exploded,  as 
there  is  a  great  enlargement  of  the  trail  at  that  point. 
The  path  continues  beyond  this  somewhat,  but  fainter, 
and  there  is  a  second  minor  explosion  about  1°  from  the 
first. 

1  hope  to  be  able  to  secure  valuable  results  in  photo- 
graphing the  meteors  in  November  coming. 

In  my  note  (A.J.  389,  p.  40)  on  the  November  meteors  of 
last  year,  it  is  left  a  little  uncertain  as  to  the  exact  date  of 
the  observation,  though  it  would  be  inferred  from  tin- date 
of  the  note  the  observations  were  made  on  the  night  of 
November  13th  — the  morning  of  the  1  1th. 


Yerkes  Observatory,   Williams  Bay,    Wis..   1-117  Aug.  13. 
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OBSERVATIONS   OF  D'ARREST'S  PERIODIC   COMET  =  cl  L897, 

MADE   AT  THE   LICK   OBSERVATORY   OF  THE    UNIVERSITY   OF   CALIFORNIA, 

Bv  ('.   ]).   I'KKKINE. 


L897  Mt.  11 

* 

N 

•>. 

#- 

-* 

s^"'s  apparenl 

log  pA 

(  onip. 

Ja 

j8 

a. 

8 

for  a 

for  8 

July    1 

14  r>s 

32 

1 

,/10 

9 

+  0  37.13 

+ 

2  33.6 

h        l 

2   lo 

'  3^09 

+  6 

21   22.5 

/,'.u;:;s 

0.700 

2 

14  49 

42 

3 

</10 

8 

-0     0.71 

+ 

9    !'.>.! 

2   12 

52.48 

+  6 

23  47.6 

//9.GI  1 

o.70| 

9 

15  1G 

33 

4 

10 

6 

+  1  50.07 

+ 

9  59.4 

2  32 

L5.54 

+  6 

:;:;  29.5 

«9.613 

0.690 

10 

14  59 

39 

5 

12 

6 

+  1  41.49 

+ 

1      1.1 

2  34 

56.20 

+  6 

34  43.7 

»9.629 

0.695 

15 

15  11 

6 

6 

rflO 

(•> 

+  0  14.26 

+ 

2  49.4 

2  48 

1.31 

+  6 

34  49.0 

//9.C12 

0.690 

16 

15     1 

16 

8 

tllO 

8 

+  0     5.15 

+ 

1    11.1 

2  50 

32.71 

+  6 

34   12.5 

n8.622 

0.692 

25 

15  18 

9 

10 

10 

8 

+  0  32.49 

— 

5  49.8 

3  12 

1  (.70 

+  6 

L9  46.2 

»9.582 

0.686 

26 

14  37 

52 

11 

dlO 

8 

+  0  19.71 

+ 

0  20.0 

3  1  1 

28.54 

+  6 

17   L3.5 

»9.627 

0.695 

27 

15  10 

14 

13 

dlO 

8 

-0  16.85 

+ 

0  26.4 

28 

15  30 

5 

15 

,/10 

8 

-0  12.96 

_ 

4  27.9 

30 

14  49 

44 

\i\ 

10 

9 

— 0  46.58 

_ 

3  15.2 

31 

15  11 

8 

17 

10 

<s 

-2  32.00 

+ 

0  42.3 

3  25 

31.27 

+  6 

1   23.8 

«9.579 

0.688 

Aug.  1 

15  11 

6 

IS 

12 

8 

-0  25.60 

— 

3     4.8 

3  27 

.".7.70 

+  5 

57  36. 8 

»9.575 

0.687 

2 

11  30 

36 

19 

rflO 

8 

+  0  15.83 

10  55.6 

3  29 

39.16 

+  5 

53  45.4 

^9.622 

0.695 

2 

15  12 

51 

20 

12 

8 

-1     5.24 

+ 

0  11.9 

3  29 

12.32 

+  5 

53    18.1 

//9..-.71 

0.688 

3 

14  59 

10 

21 

10 

8 

+  0  56.34 

— 

3  55.9 

3  31 

43.92 

+  .-, 

49  40.5 

»9.592 

0.696 

6 

15  36 

45 

22 

10 

6 

-2  27.45 

- 

7  54.7 

3  37 

47.08 

+  5 

36     2.5 

M9.501 

0.6S3 

Mean  Places  for  1S97.0  of  Comparison-Stars. 

Red.  to 

8 

Ked.  to 

* 

a 

app.  place 

app.  place 

Authority 

1 

h       r 

2     9 

24 !( 15 

+  L91 

+  6°  18' 33*5 

+  15.4 

Micrometer-comparison  with  >fc2 

2 

2     9 

7.23 

+  1.91 

+  6  10  11.8 

+15.4 

Paris  2781 

3 

2  12 

51.27 

+  1.92 

+  6  13  42.9 

+  15.6 

Weisse's  Bessel  149 

4 

2  30 

23.43 

+  2.04 

+  6  23  13.8 

+  16.3 

Paris  3205 

5 

2  33 

12.65 

+  2.06 

+  6  30  26.2 

+  16.4 

Weisse's  Bessel  520 

6 

2  47 

44.88 

+  2.17 

+6  31  41'. (i 

+  17.0 

Micrometer-comparison  with  >(c7 

7 

2  50 

1.04 

+  2.16 

+  6  32  49.7 

+  17.0 

i  (Paris  3576  + W.B.  830) 

8 

2  50 

25.37 

+  2.19 

+  6  32  55.5 

+  17.2 

Micrometer-comparison  with  >)c9 

9 

2  50 

1.04 

+  2.19 

+  6  32  49.7 

+  17.2 

£(Paris  3576+W.B.  830) 

10 

3  11 

39.96 

+  2.34 

+  6  25  18.2 

+  17.8 

\(2  Paris  3923+ W.B.  154) 

11 

3  14 

6.47 

+2.36 

+  6  16  35.6 

+  17.9 

Micrometer-comparison  with  =f:12 

12 

3  11 

39.96 

+  2.38 

+  6  25  18.2 

+  18.0 

.',  (2  Paris  3923+ W.B.  154) 

13 

3  17 

+  6  14    .    . 

Micrometer-comparison  with  >t;14,  see 

tote  a 

14 

3  21 

+  6  18    .    . 

DM.  +6°530  (8M.8) 

15 

3  19 

+  6  16    .    . 

Micrometer-comparison  with  >K14,  note  b 

16 

3  24 

+  6     7    .    . 

DM.  +5°499  (8*7) 

17 

3  28 

0.83 

+  2.44 

+  6     0  23.2 

+18.3 

Weisse's  Bessel  402 

18 

3  28 

0.83 

+  2.47 

+  6     0  23.2 

+  1S.4 

Weisse's  Bessel  462 

19 

3  29 

20.S4 

+  2.49 

+  6     4  22.6 

+  18.4 

Paris  4229 

20 

3  30 

45.08 

+  2.48 

+  5  53  17.S 

+  1S.4 

B.B.  VI+5°516 

21 

3  30 

45.08 

+  2.50 

+  5  53  17.8 

+  18.6 

B.B.  VI+5°516 

22 

3  40 

11.98 

+2.55 

+  5  43  38.6 

+  18.6 

4-  (Grant  "  879  +  "  Pulkowa  544) 

a.  The  measured  differences  between  the  apparent  places  of  >(cs 
13  and  14  are,     da  —  4m  13s.03,     JS  —  4'  21". 5. 

b.  The  differences  between  the  apparent  places  of  ;)«  15  and  14 
were  found  to  be     Ja  —  2"'  2s. 05,     J8  —2'  27". 7. 

d.     Indicates  that  Ja  was  measured  directly  with  the  micrometer. 
The  observations  of  July  15,  16,  25,  27,  28  and  Aug.  1  were  made 
with  the  36-inch  equatorial,  the  others  with  the  12-inch  equatorial. 
In  the  early  part  of  July  the  comet  as  seen  with  the  36-inch  tele- 

Mt.  Hamilton,  1897  August  14. 


scope  and  a  power  of  270,  was  about  2'  in  diameter  with  a  bright 
central  condensation  of  20"  to  30"  diameter.  At  times  a  nucleus 
was  to  be  seen,  some  3"  or  4"  in  diameter,  but  not  stellar  and  not 
much  brighter  than  the  surrounding  condensation.  This  nucleus 
was  not  exactly  central  but  wasa  little  south,  preceding  the  center. 

For  about  two  weeks  after  rediscovery  the  comet  seemed  to  retain 
its  brightness  or  even  to  increase  somewhat,  but  recently  the  decline 
has  been  noticeable  although  slow. 
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MAXIMA 


AND   MINIMA    OF    LONG-PERIOD  VARIABLES, 

1^   .1.  A.  PARKHTJRST. 


207.      V  Andromedae. 
was  invisible  (limit  L2«)  L897  May  24.     It  was 
Eound  9".8,  -inly  21,  ami  rose  to  a  maximum,  9*.0,  .Inly  26, 
elltol0".0a1  the  lasl  comparison,  Aug.27.     I  have 
.X  observations. 

659.     -V  '  'assioj 
My  continuous  watch    on    this  star  yields  a  minimum, 
1897   March  3.     The  interval  between  my  two  ob- 
served maxima  is  364  days,  and  between  m\  two  minima, 
374  days.     The  minima  have  followed  the  maxima  by  136 

and  1  16 

678.      '    Persei. 
My  watch  on  this  star  was  interrupted  from  1897  Feb.  2 

to  May  •"..     It  was  then  12".0,  ami  rose  to  L0*.0  by  the  last 

of  June.     Comparison   with    the   mean    curve    indicates  a 

minimum  aboul    Maj   1  with  an  uncertainty  of  perhaps  10 

days. 

4315.     B  <  ''mini-. 

yftei  the  maximum  of  August,  1896,  1  have  3  observa- 
tions on  the  descending  branch  of  the  curve  :  Nov.  12,  llM.l ; 
Dec.2,  Ll".9;  1897  .Ian.  7.  12".8.  After  the  minimum  it 
was  first  seen  Jul]  -.at  11\8.  It  rose  rapidly,  reaching 
8».8  Aug.  I.  and  8".5  Aug.  6.  During  the  rest  of  August 
its  light  seemed  quite  constant,  the  estimates  being  about 
equally  divided  between  8".5  ami  8*.6,  the  last  estimate, 
\  29,  bi  S  '.5.  A  slight  maximum  at  8*.5  is  uncer- 
tainly indicated  for  Aug.  9,  but  the  bright  moon  makes  this 
somewhat  doubtful.  I  have  5  observations  in  July  and  9 
in  August. 

5601.     S  I  rrsae  minoris. 

1  have  27  observations  of  this  star  between  the  minimum 
of  1896  June  27  and  1897  July  8.  It  rose  slowly  from 
11>'.4  to  a  maximum,  7". 2.  1896  Dec.  14.  theu  fell,  still 
slowly,  to  a  minimum,  11M.8,  1897  May  28.  The  in- 
terval between  my  two  observed  maxima  is  322  days, 
between  the  two  minima,  335  days.  The  minima  have 
followed  the  maxima  by  155  and  1(58  days. 

6549.      W Lyrae. 
When  tirst  seen  this  season,  1897  May  15,  this  star  was 
9*.l.     It,  fell  rapidly  to  a  well  defined  minimum.   12".5, 
July  19,  then  rose  at  about  the  same  rate  to  10M.0,  Aug. 30. 


The  curve  resembles  closely  that  of  1896  October  to  De- 
cember, reported  in  A.J.,  no.  397,  tin'  mean  interval  between 

corresponding  points  on    the  two  curves  being  206  days. 

This  period  does  not  seem  to    be  Contradicted  either  by  the 

Durchmusterung  or  the  Lund  observations  mentioned  in 
d&tronomisc/u-  Xndi r'n-Iitcu,  y<>.  .').'!29. 

7085.      ETCygni. 
A  minimum,   L2*.2,   L897  May  9.  is  indicated  by  LO  ob- 
servations  between   May  3  and   .Inly   5.     The   rise   after 
minimum  was  rapid  and  uniform,  reaching  8*.9  at  the  last 

observation. 

7792.  SSCygnL 
This  season's  observations  of  this  remarkable  star  began 
May  28,  at  which  time,  ami  also  May  30,  1  found  it  at 
normal  light,  11". 2.  Clouds  prevented  further  observation 
till  June  7,  when  1  found  it  8*.6.  .lime  11  it  was  8".5, 
and  June  12  and  L3,  8».7.  dune  2D  it  had  fallen  to  1  1  ".0. 
These  few  observations  suggest  a  maximum  between  June  7 
and  in.  It  has  since  been  observed  on  every  clear  night 
with  the  following  results.  It  decreased  very  slowly  from 
lP'.O  dune  20.  to  1  1\2  Aug.  6.  The  rapid  rise  to  maxi- 
mum will  appear  from  the  following  table,  in  which  1  have 
Mr.  Spebra's  permission  to  include  his  observation  of 
Aug.  7.86,  which  limits  the  time  of  rise  to  18  hours.  The 
decimals  of  a  day  are  in  Greenwich  mean  time. 

Aug 


7.d4 

ll.i) 

Aug.  10.58 

8.5 

7.86 

11.0 

11.60 

8.6 

8.60 

8.8 

12.58 

8.7 

8.90 

8.(3 

13.58 

9.0 

9.58 

8.6 

1  1.58 

9.3 

The  maximum  is  indicated  for  Aug.  10.5  at8*.5.  Aug.  19 
it  had  fallen  to  11". 1,  and  Aug.  20,  27  and  29  it  was  11  ".2. 
The  intervals  observed  since  last  January,  62,  36,  42  and 
62  days,  respectively,  make  a  curious  succession,  and  sug- 
gest a  "rotation  of  period."  I  have  18  observations  in 
July  and  18  in  August. 

8324.      /"  Cassiopeae. 

A  minimum  at  12M.6  is  indicated  for  1897  May  28,  by  8 
observations  between  May  3  and  July  5.  The  magnitudes 
at  the  first  and  last  dates  were  12M.0  and  11".  1,  respec- 
tively. 


ON    THE    RECENTLY   ANNOUNCED   COMPANION   OF  a  LYRAE. 


In    the    Lugusl    number    <i   the    Astrophysical   Journal 
18)  there  is  announced  the  discovery  of  a  faint  com- 
panion to  it.  Lyrae  with  the  Yerkes  4o-inch  telescope.     The 
coordinates  of  the  -tar  are      ,S'  =  5.';"    y-  =  .">12°.     In  1881 
.  and  Prof.  Hall  measured  for  me,  a  faint  com- 
panion whose  magnitude  was  estimated  as  14.5.     Its  po- 
U.8.  Naval  Observatory,  1897  -ley.  -'S. 


sition  was  S  =  51". IS  j>  =  292°.9  (see  Washington 
Observations,  1888,  page  E149).  If  this  star  is  not  still 
seen,  there  is  little  doubt  that  the  companion  of  a  Lyrae 
observed  with  the  Yerkes  telescope  is  the  same  one  meas- 
ured by  Prof.  Hall  in  1881. 

Geoki.k  Anukksox, 

Skilled  Laborer. 
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EPHEMERIS  OF   COMET  a.  1SJJ7  (v  arrests). 


Sept.  (•>..-> 
8.5 
10.5 
12.5 
1  1.5 
16.5 
18.5 
20.5 
22.5 
24.5 
26.5 
28.5 
30.5 
2.5 
4.5 
6.5 
8.5 
10.5 
1 2.5 
14.5 
16.5 


Oct. 


h   i: 

4  22 
24 
26 
27 
28 
30 
31 
31 
32 
33 
33 
33 
33 
33 
32 
32 
:;i 

31 
30 
29 


Daily  Motion  8 

+54s  +1 '.-,:;; 

50  1  3S.6 

45  1  19.6 

40  1  0.2 

36  0  40.5 

31  0  20.5 
25  +0  0.3 
21  — 0  20.1 
16  0  40.7 
11  1  1.4 

6  1  22.1 

+  1  1  42.8 

-  4  2  3.5 

9  2  24.1 

13  2  44.5 

18  3  4.5 

23  3  24.2 

27  3  43.6 

32  4  2.5 
36  4  20.9 

_40  -4  38.7 


I'.v  <;.  i. 

l 

Daily  Motion 

—  9.3 

9.4 

9.7 

9.8 
10.0 
10.1 
L0.2 
10.3 
10.3 
10.3 
10.4 
10.4 
10.3 
10.2 
10.0 

9.9 

9.7 

9.5 

9.3 

9.0 


EVEAU  (A.N.SU1). 
aris  Midnight. 


Br. 
0.19 


0.11 


0.17 


0.17 


0.16 


0.11 


Nov. 


1897 

Oct.    18.5 
20.5 

22.5 
24.5 
26.5 
2.S.5 
30.5 
1.5 
3.5 
5.5 
7.5 
9.5 
11.5 
13.5 
15.5 
17.5 
19.5 
21.5 
23.5 
25.5 


a        Daily  Motion 

li       in      s  s 

I  26  24  -44 

21  5  1  48 

23  17  51 

21  :U  54 

19  14  57 

17  I '.)  59 

L5  l:i  61 

13  15  64 

11  37  65 

9  27  t\r, 

7  14  67 

5  0  67 

2  45  67 

4  0  30  68 

3  58  15  67 

56  2  66 

53  50  65 

51  41  64 

49  35  -62 

3  47  33 


8        Daily  Motion     Br. 

-4°  55.8  -8.3 

5  12.1  7.9 

5  27.6  7.5 

5    12.3  7.0      0.14 

5  56.0  6.5 

6  3.7  6.0 
6  20.3  5.3 

6  30.7  4.S      0.13 

6  40.0  4.2 

6  48.0  3.6 

6  54.8  3.0 

7  0.4  2.3      0.11 
7     4.7  1.7 

7     7.7  1.0 

7     9.4  -0.4 

7     9.9  +0.2      0.10 

7     9.2  0.8 

7     7.2  1,1 

7     4.0  +2.0 

6  59.6  0.09 


OBSERVATIONS   OF   THE   PARTIAL   SOLAR  ECLIPSE,   1897  JULY  28, 


MADE   WITH   THE   6-INCH   REFRACTOR    OF   THE    DETROIT    OBSERVATORY,    ANN    AJJBOR,    MICH 

By  SIDNEY    D.  TOWNLEY. 
[Communicated  by  the  Director.] 
Power         Seein 
80        Good 


A.  A.  Mean  Time  O— C 

1st  contact,     20     3m379  +1 

2d  contact,     22  18     5    (perhaps)    -9         80       Unsteady 
»         "  22  18  10    (certain)     -4         80 

The  time  of  first  contact  is  somewhat  uncertain.  The 
edge  of  the  moon  was  first  seen  at  20h  3,n  41*  and  was 
estimated  to  then  be  4s  past  the  sun's  limb.  The  computed 
times  were  obtained  from  the  formulae  and  data  of  the 
American  Etphemeris. 


The  times  that  the  moon's  limb  covered  the  large  spot 
then  visible  upon  the  sun  were  recorded  as  follows  : 


Moon  at  edge  of  penumbra,  20  14  45 

"       "       "      "    umbra,  20  15     7 

"      "  second  edge  of  umbra,        20  16  15 
"      "       "         "      "   penumbra,  20  16  53 

The  spot  was  about  14"  from  the  western  limb  of  the 
sun. 


SOLAR   ECLIPSE 

By  A.  S. 

The  sky  was  perfectly  clear  here  for  the  eclipse  of  the 
sun  July  28,  and  I  observed  it  with  the  40  cm.  equatorial, 
and  power  310.  The  observed  times  of  contacts  were 
19h  36ra  5s  and  21h  43m  2s  Central  Standard  mean  time. 
The  first  time  is  corrected  by  an  estimate,  made  at  the 
moment,  for  late  perception  of  the  indentation.     The  last 


OF   1897  JULY  28, 

FLINT. 

contact  was  little  observed  by  the  point  of  the  sun's  limb 
coming  unexpectedly  behind  some  coarse  cross  wires  in  the 
eyepiece,  the  driving  clock  not  being  employed.  I  watched 
the  passage  of  the  moon's  limb  over  the  large  sunspot,  but 
saw  no  change  of  note. 

Washburn  Observatory,  Madison,  Wis. 
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ON    ANDERSON'S  TWO    NKW    VARIABLES, 

l>\   .1.   A.  PARKHUKST. 


Tn  .1.  V. ::  i:;::.  Anderson  announced  a  stai  nol  in  bhe 
DM.,  sirhich  he  found  8".8,  L897  Maj  29  and  June  8,  bul 
which  was  not  seen,  therefore  Less  than  9M.5  on  Julj  9  and 
10.  He  gives  the  place  for  1855  as  12  23'  .0  '  32  L7', 
approximately.  On  Aug.  1,  1  found  an  11"  star  close  to 
this  place,  and  measured  its  position  relative  to  the  two 
neighboring  catalogue  stars.     It  was  l"1  6'.9  followin 

;.i:  .  ■  DM.  1-32  2250  -  Weisse's-Bessel  Ml.  160, 
an,l  )x  ,,i   55"  north  of  DM.  -f-32  2252  = 

102  3      [ts  position  is  therefore 


Et.A.   I-  23 


Decl.    *  32  18   L9 
3  22 


i 1 855 i 

I  I'.HMI, 


There  is  an  11M.5  star  9'.9  following  and    I'.l  north  of 
the  variable.     Aug.  1   the  variable  was  half  a  magnitude 
Maren  w,   I   ■  ■   1897  Aug.  28. 


3tar,   iiuil 


equal 


brighter    than    this   comparison 
slightly  fainter  on  Aug.  27. 

Another  .-tar.  in  Hercules,  was  announced  in  . /.A". .".  I  lo 
as  9  '._  on  1897  July  22  and  26,  though  invisible  in  the 
autumn  of  1896,  and  nol  in  the  DM.  I  found  it  9".5  on 
Aug.  23  and  24,  and  9".7  on  Aug.  27,  using  Anderson's 
magnitudes  for  the  comparison-stars.  Its  position,  meas- 
ured from  t  Herculis  I  Frisbj  Yainall  7184,  and  Greenwich 
1  2  year  « latalogue)  is 


R.A.  1(1 


L.8 

11.7 


Decl.  +31   26 


22   is 


(1855) 
(1900) 


Tin- re  is  no  star  as  bright  as  the  12"  within  less  than  2'.5 
of  the  variable.  The  nearesl  stars  are  L0"  prec.  27',  l'.5N. ; 
12»prec.24*,  0'.6  N;  11"  foil.  10',  4'  J  N;   12"  foil.  5',  2'.5  S. 


NOTE   ON    THE    PROPER  MOTION 

By  J.  G.  PORTER. 


OF 


Dr.  Auweks  gives  for  the  proper  motion  in  right-ascen- 
sion of  this  star  +0".021.  This  vain..-  has  been  adopted 
in  the  Poulkova  Catalogue  for  L855,  and  in  the  BonnA.G. 
Catalogue,  yet  it  seems  to  be  entirely  erroneous.  The  star 
was  not  observed  by  Beadles  in  right-ascension,  and  1  am 
not  aware  what  authorities  Dr.  Auwebs  used  in  obtaining 

\  will  be  seen  from  the  subjoined  table  the  motion  in 
both  coordinates  is  extremely  small.  The  positions  are  for 
L900,  and  the  corrections  to  the  A.G.  system  as  taken  from 
Dr.  A i  WERs's  taldcs,  have  been  applied. 


Authority      Epoch 

Bradley,  - 

Lalande,  1791.5 
O.Argel.,  1842.6 
Poulkova  47dt 
Armagh,  18.0 
Radcliffel,  48.3 
Yarnall,  59. 

<  l-reenw.9  j  r.,73.0 
BonnA.G.  81.3 
Cincinnati.      96.6 


Cincinnati,  1897  Sept.  0. 


RADLEY  27: 

5, 

R. A.  1900    No.  Obs. 

E] ii 

Decl 

1900 

20  53  '        0,1 

1751.1 

+  is  is  39*6 

9.09      1 

91.5 

36.2 

9.76      1 

1842.6 

10.3 

9.53      5 

17.0 

39.8 

9.66     6,5 

44.4 

41.2 

9.64       3 

48.4 

38.0 

9.78     2,6 

54.0 

38.7 

9.53      3 

73.(1 

39.1 

9.45       2 

81.3 

39.0 

9.67       3 

96.6 

39.0 

OX   THE   BINARY   STAR   £395. 

A  telegram  from  Dr.  See  informs  me  that  "binary  /3 395  revolves  in  10  years;  near  periastron,  278    .  I »"._." 

Percival  Lowell. 


CONTEXTS. 

I,,,    T,  leoraphk    Long Net  of  the  United  States   \nt>  its  Connection  with  that  of  Europe,  a-  Devi  loped  in 

Coast   ind  I itk    Survey    betweeh   1866  and  1896,  nv  Charles  A.  S 

Photogbap •■    ^.ugusi    Meteor,  by  E.  E.  Barnard. 

Observations  of  D' Arrest's  Pes n    Comet  =  a  1897,  by  C.  D.  Perbine, 

Maxima    lnd  Minima  oi    Long-Per Variables,   n\   J.  A.  Pabkhurst. 

UtHOUKCKD    CiiMI'lMn.N    HI     it    I.  Mi  \1  .     I1Y    (iKdlil.I-     AXM.IiM.i.V. 

Ephemebis  oi    Comet  o  1897  (D' Arrest's),  by  G.   Leveau. 

Obserx  ninx-  mi    chi    Partiai    Solar  Ei  lipse,   1897  July  28,  by  Sidney  D.  Townley. 

Solar  Eclipse  oi    1897  Ji  Li  28,  bi    \.  S.  Flint. 

On  Anderson's  Two  NE'w   Variables,  bi   J.  A.  Parkhi  bst. 

\  the  propeb  uotios  01    bradley  2725,  r.x   j.  <''■  porter. 
i>n  the  Binary  Stab  0395,  by  Percival  Lowell.  
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REASONS   FOR   THE   ADOPTION    OF   NEW   VALUES   OF   THE   PRECESSIONAL 
MOTIONS  ;  A   REPLY   TO   THE   REMARKS   OF   BOSS   IN   A.  J.  410, 

By   SIMON   NEWCOMB. 


The  remarks  found  in  No.  410  of  the  Astronomical  Jour- 
nal are  aimed  so  directly  at  certain  proceedings  in  which 
the  writer  took  part,  that  it  seems  desirable  to  make  a  reply 
at  the  earliest  possible  date.  A  reply  is  all  the  more  nec- 
essary because  it  seems  to  the  writer  that  Boss's  remarks 
on  the  subject  are  not  based  on  an  adequate  consideration 
of  all  the  points  involved.  It  may  be  suspected  that  a  cer- 
tain amount  of  misapprehension  is  caused  by  a  defect  of 
language.  This  defect  consists  in  the  use  of  the  phrase 
"  Constant  of  Precession,"  which  leads  to  a  feeling  that  the 
question  is  only  that  of  the  adoption  of  a  certain  value  for 
a  single  quantity  thus  designated.  I  must  therefore  begin 
by  repeating  what  I  have  said  elsewhere,  that  there  is  no 
such  thing  as  a  "Constant  of  Precession"  in  this  sense. 
True,  we  may  take  the  motion  of  the  equinox  for  the  epoch 
1850  or  1900  and  apply  this  term  to  it.  But  in  doing  this 
we  have  by  no  means  fixed  all  the  data  for  reducing  star- 
places  from  one  epoch  to  another.  We  have  annual  preces- 
sions in  declination  and  in  right-ascension,  in  addition  to 
these  we  have  the  trigonometric  constants  of  reduction.  As 
a  fourth  variable  quantity  we  have  the  general  precession, 
to  be  used  in  the  reduction  of  longitudes.  These  four  vari- 
able quantities  depend  on  two  motions,  that  of  the  equator 
and  that  of  the  ecliptic.  Thus,  what  we  are  concerned 
with  is  not  the  adoption  of  a  value  for  one  quantity,  but 
of  numerical  expressions  for  several  varying  quantities. 

I  take  as  the  basis  of  what  I  have  to  say  on  the  subject 
the  desideratum  mentioned  by  Boss  on  page  12.  One  of 
the  great  needs  of  astronomy  at  the  present  time  is  a  stand- 
ard catalogue  embracing  as  large  a  number  of  stars  as  pos- 
sible. This  work  requires  at  least  two  kinds  of  researches. 
One  class  embraces  the  reduction  of  the  older  observations 
with  our  improved  modern  data,  the  other  a  wide  range  of 
investigations  on  the  relative  positions  of  stars  at  the  pres- 
ent time.  Both  these  classes  of  work  should  be  conducted 
on  the  same  homogeneous  basis.  A  great  deal  of  reduction 
of  mean  places  of  stars  from  one  epoch  to  another  will  be 


necessary.  The  intervals  of  reduction  may  very  soon  ex- 
tend to  150  years.  The  precessional  motions  employed  in 
these  reductions  should  fulfil  the  following  conditions  : 

First,  They  should  be  as  nearly  as  possible  correct,  else 
misleading  conclusions  respecting  proper  motions,  especially 
the  laws  of  proper  motion,  may  result. 

Second,  The  four  motions  in  question  must  be  as  far  as 
possible  theoretically  self-consistent  within  0".01  per  cen- 
tury. In  other  words,  the  astronomer  who  reduces  the  posi- 
tion of  a  star  from  1755  to  1900  must  get  the  same  result 
whether  he  uses  trigonometric  constants,  mechanical  inte- 
gration by  annual  precession  at  various  epochs,  or  reduc- 
tions in  longitude.  This  degree  of  precision  is  necessary, 
not  because  we  expect  actually  to  attain  it  in  our  practical 
work,  but  because  with  this  degree  of  numerical  accuracy 
it  is  more  easy  to  detect  discrepancies  and  obtain  reliable 
results. 

Although  Professor  Boss  does  not  distinctly  say  so.  lie 
seems  to  imply  that  Stkuve's  precessional  motions  should 
be  employed.  I  must  therefore  point  out  that  these  motions 
do  not  satisfy  either  of  the  above  conditions.  As  compared 
with  the  equinox  of  the  Astronomische  Gesellschaft  the 
error  in  the  motion  would  be  more  than  two  seconds  per 
century.  Even  with  the  new  equinox  it  would  be  so  great 
as  to  impair  general  conclusions  respecting  proper  motions. 
An  unfortunate  confusion  has  arisen  in  the  use  of  the 
Stki'vk  constants  from  the  fact  that  the  planetary  preces- 
sion has  not  been  made  strictly  correspondent  to  the  motion 
of  the  ecliptic.  I  have  not  investigated  the  question  whet  her 
it  would  be  possible  to  assign  such  motions  to  the  equator 
and  to  the  ecliptic  that  the  Struve-Peteks  values  of  all 
four  of  the  above  named  variable  quantities  should  be  si- 
multaneously represented.  It  is  certain  that  if  we  should 
assume  such  motions  they  would  not  be  accordant  with  the 
best  existing  theory,  or  with  the  probable  truth,  but  would 
be  purely  empirical  in  their  nature. 

Under    these   circumstances    it  seems   to   me   that    the 
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conclusion  of  the  Conference  fco  adopt  an  unproved  value  of 
the  piecessional  motion  was  fully  justified.  It  this  is  no1 
done,  astronomers  will  be  under  the  constant  necessity  of 
using  provisionally  corrected  values  of  the  precession,  as 
Axtweks  has  done  in  the  introduction  to  his  Berlin  Catalogue. 

I  now  pass  to  the  consideration  of  certain  objections  sel 
forth  by  Boss  in  his  lasl  paragraph  on  page  LO,  to  the  de- 
finitive character  "I  mj  result.  Here,  as  well  as  on  page 
9,  he  shows  with  great  correctness  and  clearness  that,  in 
order  to  reach  a  definitive  value  of  the  precessions!  motion, 
the  proper  motions  employed  must  be  as  free  as  possible 
from  those  systematic  errors  which  might  influence  the  re- 
sult, and  must  therefore  depend,  aot  on  a  i parison  of 

two  catalogues,  but  on  the  best   possible  determination  of 
the  proper  motions  from  all  authorities.      What  he  Joes  not 
that,  in  substance  if  not  in  form,  my  result  does  de- 
pend on  all  the  existing  authorities  which  can  add  to  the 

strength  of  a  syste t  declinations.    T  too  hastily  assumed 

that  it  would  be  taken  for  granted  that  I  aimed  at  a  result. 
^  nearly  definitive  as  the  present  state  of  the  ease  would 
admit  of,  and  therefore  did  not  set  forth  with  sufficient 
fulness,  either  m  my  extended  paper,  or  in  the  brief  absl  racl 
in  the  Astronomical  Journal,  the  reasons  on  which  this 
claim  might  be  based.  Even  here  I  can  submit  only  a  sum- 
mary outline  of  those  reasons.  The  right-ascensions  and 
declinations  have  to  be  considered  separately,  because  the 
s\  stematic  errors  to  which  they  are  liable  are  quite  differ- 
ent in  form. 

First  of  all  we  must  depend  mainly  upon  the  Bradley 
stars.  It  needs  no  argument  to  show  that  the  proper 
motions  of  these  stars,  taken  individually,  are  far  better 
ined  than  are  those  of  the  great  mass  of  fainter 
stars,  especially  when  freedom  from  systematic  error  is 
dered.  In  determining  the  precession  from  observa- 
tions of  the  fainter  stars  in  right-ascension  we  meet  with 
the  insuperable  difficulty  that  they  are  vitiated  by  variation 
of  personal  equation  with  magnitude.  We  know  nothing 
about  the  numerical  value  of  this  quantity  in  the  case  of 
any  but  a  few  recent  series  of  observations,  where  we  find 
it  to  be  surprisingly  large.  In  the  case  of  the  older  obser- 
vations it  can  only  be  brought  out  by  systematie  differences 
-  ii  tlir  proper  motions  in  right-ascension  of  the  faint 
and  those  of  the  bright  stars.  It  follows  that  when 
we  attempt  to  determine  the  constant  of  precession  from 
observed  proper  motions  of  faint  stars  what  we  really  ob- 
tain is  not  the  constant  "I  precession,  but  rather  the  differ- 
ence between  the  personal  equation  of  the  two  sets  of 
observers  compared.  It  is  therefore  not  possible  to  derive 
a  reliable  value  of  the  precessional  motion  in  this  way.  It 
must  not  be  forgotten  that  this  difficulty  has  another  super- 
posed upon  it,  the  fact  that  all  the  older  zone  catalogues 
are  reduced  by  data  which  can  very  well  be  affected  by 
large  systematic  errors. 


In  the   ease   of   the  declinations,  there  is  but  one  form  of 

systematic  error  which  is  not  eliminated  from  the  preces- 
sional motion  derived  from  stars  scattered  uniformly  around 
any  zone  of  the  celestial  sphere.  This  systematic  error  in 
the  proper  mi  it  ions  is  of  t  lie  form 

.  1$a  t=  I;  COS« 
Now.  1  showed  in  the  ./../..Volume  XVI,  p.35,  that  the 
Boss  proper  motions  in  declination  appeared  to  be,  so  far 
as  modern  observations  could  show,  free  from  anj  appreci- 
able error  of  this  form.  Hence,  in  order  to  lice  the  proper 
motions  of  A  i'  wi.i.-s-1'.i: adi.i:v  from  any  error  of  this  form, 
it  was  only  necessary  to  reduce  them  to  the  l'">ss  sj 
It  has  of  course  to  be  shown  that  there  is  no  appreciable 
difference  between  A.tjtwees's  modern  system  and  that  of 

Boss   so    far    as  this   term    is   concerned.      A  iparison  of 

Arw  kks-P»kai>i.kv  with  Boss  showed  that  the  value  oi  the 
coefficient    /.-    in  tin-  above  expression  changed   with  the 

declination,  being  sometimes  negative,  ami  sometimes  posi- 
tive. The  mean  result  of  the  correction  was  to  change  the 
centennial  motion  of  the  pole  hy  about  0".O6.  On  compar- 
ing the  results  from  different  zones  the  discordances  be- 
tween the  zones  was  found  to  he  increased  by  the  suppo  ed 
reduction  to  the  Boss  system,  although  the  final  result  was, 
as  just  mentioned,  not  strikingly  altered.  The  ivalit\  of 
the  corrections  for  reduction  to  the  Boss  Bystem  is  there- 
fore subject  to  grave  doubt.  I  attribute  the  discrepancy 
less  to  errors  of  either  set  of  declinations  than  to  the  ac- 
cumulation of  accidental  differences  in  the  case  of  individual 
stars.  This  conclusion  illustrates  the  danger  of  concluding 
that  a  mean  difference  between  the  coordinates  of  two 
catalogues  indicates  a  systematic  difference,  unless  the 
number  of  stars  of  comparison  is  considerable. 

After  the  work  was  done,  I  applied  yet  another  test  to 
determine  whether  Aiwkrs's  proper  motions  are  affected 
by  any  such  error.  In  my  new  fundamental  catalogue 
about  800  stars  are  common  to  that  catalogue  and  to 
Ai  u  i.ks-Bradi.ey.  This  number  is  amply  sufficient  to  de- 
tect a  systematic  difference  of  the  form  in  question.  A 
comparison  is  found  on  p.  57  of  my  paper,  which  shows 
that  the  coefficient  /.•  in  the  expression  of  the  difference 
between  the  two  systems  would  he  only  0".03.  1  conclude, 
therefore,  that  the  result  derived  by  the  adopted  method  is 
better  than  any  that  could  lie  obtained  hy  including  other 
authorities  than  those  employed.  Practically,  if  not  form- 
ally, all  valuable  authorities  are  used.  Another  circum- 
stance strengthens  the  general  conclusion  thus  reached.  It 
may  be  objected  that  the  number  of  stars  employed  is  so 
small,  only  about  2000  having  much  weight,  that  the  effect 
of  accidental  proper  motions  may  be  appreciable.  I  shall 
presently  show  that  the  effect  of  this  cause  is  less  than 
would  have  been  supposed. 

The  general  certainty  of  the  result  attained  is  enhanced 
by  the  remarkable  conclusion  derivable  from  the  researches 
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of  both  Kattkyn  and  myself  on  the  distribution  of  proper 
motions  in  magnitude.  This  conclusion  is  that  the  motus 
peculiaris  of    an  unexpected   proportion  of  the  Bradley 

stars  is  very  small,  less,  indeed,  than  1"  per  century.  It  is 
not  easy  to  select  these  stars  individually,  but  their  number 
is  probably  more  than  one-third,  and  possibly  one-half  that 
of  the  whole  number  of  the  fourth  and  higher  magnitudes 
contained  in  Auwers -Bradley. 

The  case  may  now  be  summed  up  as  follows.  Were  the 
proper  motions  in  declination  of  a  vast  number  of  stars,  say 
all  those  of  the  Durchmust&rung,  accurately  known,  the 
probable  error  of  the  resulting  value  of  n  might  be  regarded 
as  nil.  The  actual  number  of  stars  available  being  limited 
we  have  a  probable  error  arising  from  the  dispersion  of  the 
proper  motions  of  these  stars,  regarded  as  the  results  of 
chance  deviation.  With  this  is  to  be  combined  the  acci- 
dental errors  of  the  determinations  of  the  separate  stars. 
In  the  case  of  the  stars  actually  used  the  combined  effect 
is  equivalent  to  a  probable  error  of  about  ±2".0.  The 
weight  of  100  n  is  about  500,  so  we  may  estimate  the  acci- 
dental probable  error  of  100?ias  2".0-^-N/500=  ±0".09. 
With  this  must  be  combined  the  probable  value  of  the  sys- 
tematic error  k.     For  this  we  have  three  tests,  the  agree- 


ment of  Auwkks's  motions  with  the  new  systems  ;  and  the 
accordance  of  results  derived  from  different  zones  of  decli- 
nation as  found  in  A.J.,  page  164,  would  indicate  a  prob- 
able error  smaller  than  ±O".10.  I  can  only  attribute  the 
remarkable  accordance  here  shown  to  accident. 

Altogether  I  think  that  the  probable  error  of  the  motion 
of  the  pole  which  I  have  derived  is  not  likely  to  exceed 
±0".15  per  century.  The  corresponding  error  in  the  mo- 
tion of  the  equinox  would  be  ±0".38.  But  to  this  must  be 
adjoined  the  uncertainty  as  to  the  motion  of  the  equinox 
itself  among  the  stars.  I  do  not  think  it  will  be  possible 
to  make  the  probable  error  materially  smaller  until  we  have 
at  command  the  results  of  observations  and  researches  not 
likely  to  be  available  for  thirty  or  perhaps  fifty  years.  As 
an  aid  to  the  necessary  researches  the  best  available  value 
of  the  precessional  motion  is,  as  already  shown,  required  in 
advance.  Hence,  one  raison  d'etre  for  the  discussion  under 
consideration. 

In  saying  this,  I  expressly  disclaim  any  expression  of 
opinion  on  the  question  whether  the  action  of  the  Confer- 
ence of  1896  in  adopting  in  advance  the  new  values  of  the 
precessional  motion  was  wise.  Professor  Boss  impugns 
the  wisdom ;  I  leave  the  conclusion  to  others. 


ON   A   FUNDAMENTAL    OPTICAL    DEFECT    IN   THE   IMAGES   FOKMED  BY   A 

PARABOLIC   REFLECTOR, 


By  J.  M.  SCHAEBERLE. 


In  the  present  paper,  which  is  to  be  regarded  as  supple- 
mentary to  the  article  in  No.  364  of  this  Journal,  I  propose 
to  demonstrate  that  there  exists  a  fundamental,  theoretical 
optical  defect  in  the  images  formed  by  a  parabolic  reflector 
and  that,  except  for  certain  spectroscopic,  bolometric  or 
similar  work,  this  defect  destroys  the  efficient  use  of  large 
mirrors  of  short  focal  length  for  making  delicate  observa- 
tions. 

Until  quite  recently  the  largest  reflector  I  had  ever  tested 
was  one  of  18  inches  aperture,  having  a  focal  length  of 
148  inches.  This  is  now  used  as  a  Cassegrain  telescope  for 
photograph  work ;  the  equivalent  focal  lengths  employed 
varying  from  about  80  feet  to  about  800  feet.  As  specimens 
of  the  results  obtained,  the  reader  is  referred  to  the  forth- 
coming number  (No.  58)  of  the  "  Publications  of  the  Astro- 
nomical Society  of  the  Pacific,"  which  will  contain  three 
silver  prints  of  the  planet  Jupiter  made  from  the  focal 
negatives,*  the  equivalent  focal  length  being  650  feet. 

*As  this  particular  instrument  is  intended  to  be  used  only  for  plan- 
etary photography,  in  which  the  maximum  angular  area  to  be  dealt 
with  is  only  about  1',  I  shall,  in  view  of  the  theoretical  results  estab- 
lished in  this  paper,  re-grind  and  re-figure  the  18-ineh  reflector  at 
the  earliest  opportunity,  and  make  the  ratio  of  focal  length  to  aper- 
ture IS  to  1  instead  of  8  to  1,  the  present  relation. 

This   change  will  reduce  the  factor  from  1.0028  to    1.0003.     As- 


On  a  very  favorable  night,  I  recently  had  the  opportunity 
of  testing  the  great  Crossley  reflector  of  the  Lick  Observa- 
tory and  found  the  surface  of  the  same  to  be  a  practically 
perfect  paraboloid  of  revolution ;  but  on  examining  certain 
celestial  objects  —  Saturn  among  others  —  I  was  very  much 
surprised  to  find  that  the  instrument  failed  most  signally 
to  come  up  to  expectations.  While  puzzling  and  pondering 
over  the  probable  cause  of  the  poor  results  given  by  what 
I  knew  to  be  a  finely  figured  surface,  it  occurred  to  me  to 
ascertain  the  exact  amount  of  the  error  introduced  in  the 
form  of  the  image,  resulting  from  the  well  known  fact  that 
the  focal  point  is  not  at  the  center  of  curvature  of  the  par- 
abolic mirror. 

If  we  imagine  that  a  small  circular  disk,  placed  in  the 
focal  plane  of  a  paraboloid  of  revolution  concentric  with 
the  optical  axis,  is  viewed  from  different  points  in  the  sur- 
face of  the  mirror,  the  form  of  the  disk  will  not  only  ap- 
pear to  vary  from  a  circle,  on  the  optical  axis,  to  an  ellipse 

sinning  a  maximum  error  of  0'  in  the  adjustment  of  the  image  with 
reference  to  the  optical  axis,  the  blurring  will  be  reduced  from 
360"  X  1.0028  =  1".00  to  360"  X  1.0005  =  0".  18;  while  the  mini- 
mum blurring  for  a  radius  of,  say,  30"  from  the  optical  axis,  will 
be  reduced  from  0".0S  to  0".03. 

For  the  Crossley  telescope  an  error  of  only  0'  in  the  adjustment  of 
the  image  will  cause  a  blurring  of  360"  X  1.0057  =  2". 05. 
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t>  as  the  distance  of  the  eye  from 
the  optica]  axis  increases,  but  the  angular  diameter  of  both 
;  this  ellipse  will  decrease,  owing  to  the  increasing 
distance  of  the  eye  Erom  the  focal  point. 

It.  therefore,  follows  that  when  the  an    •  point 

in  the  mirror's  surface  is  constant,  as  is  the  case  Eor  rays 
of  light  coming  from  any  two  points  on  the  celestial  sphere 
which  are  reflected  by  the  mirror,  the  linear  distance  between 
the  focal  images  of  these  two  points,  as  formed  bj  reflec- 
tion from  different  areas  along  any  radius  oi  the  mirror, 
will  vary  from  a  minimum  for  the  area  on  the  optical  axis 
to  a  maximum  Eor  the  area  mosl  distant  from  this  axis. 

I  rind*  that  Dr.  Hi  go  S<  hjboedeb,  in  considering  some 
of  the  chief  causes  which,  in  his  opinion,  account  tor  the 
observed  fact  that  the  reflector  is  inferior  to  the  refractor, 
also  incidentally  mentions,  as  a  secondary  cause,  the  fact 
that  the  niter  areas  give  larger  images  than  the  more  cen- 
tral parts  of  the  mirror. 

The  theoretical  investigations  which  follow  are  confined 
to  the  field  of  geometrical  optics. 

Let  i?  denote  the  radius  of  any  ring  of  the  parabolic 
reflecting  surface  which  is  concentric  with  the  optical  axis. 

Let  p  denote  the  distance  from  the  focal  point  to  any 
point  in  the  circumference  of  the  ring. 

Let  2c  denote  the  angle  subtended  by  a  diameter  of  this 
ring  at  the  focus. 

I.,  t  /■'  denote  the  focal  distance;  viz.,  the  distance  from 
the  focus  to  the  mirror,  measured  on  the  optical  axis.    Then 


0) 


F 

sin  v  =  — 
f 


(2) 


From  the  polar  equation  of  the  parabola  we  have 


(3) 


cos2iw 

Eliminating  p  from  equations  (1)  and  (2)  we  find 
/•'        cos2  i  V 


i; 


From  which  v  can  be  found  for  any  given  values  of  R 
and  /■'. 

Now,  let  the  small  angular  diameter  of  a  celestial  object, 
whose  outline  is  circular,  and  whose  center  coincides  with 
■  tical  axis  of  the  parabolic  reflector,  be  28.  The  linear 
radius.  /■,  of  the  cone  of  rays  reflected  from  a  point  in  the 
optical  axis  of  the  mirror,  at  the  distance  F  from  the  vertex 
of  the  cone  will  he 
I  r  =   -Fsintf 

To  find  the  linear  radius  of  the  image  formed  by  reflec- 
tion from  the  ring  of  the  reflecting  surface  whose  radius  is 
us  first  consider  the  con,,  of  rays  reflected  from  a 
point  in  the  circumference  of  this  ring.     The  linear 

:  July  number  'page  161,  lines  30  to  33. 


ratlins    /   of    this    cone    at    the    distance   ,>    from    the    vertex 

will  evidently  he  given  by 

>•'  =  PsmO  =  — 5-=—  (o) 

cos-Av 

The  intersection  of  this  cone  1  >y  a  similar  cone  of  rays 
reflected  Erom  the  diametrically  opposite  point  in  the  ci: 

CUmference  of  the  same  ring  will  he  an  elliptical  area  whose 
center  is  coincident  with  the  focal  point,  and  whose  semi- 
major   and    semi-mi •   axes   (a  and  S)  an'   given    by   the 

approximate  expressions 


sin  8 


Fsinfl 


COS  U  cos  V  CO 


b  = 


(6) 


(7) 


The  intersections  of  all  the  cones  of  light  rays  reflected 
from  all  the  points  in  the  whole  circumference  will  there- 
fore result  in  a  circular  image  whose  extreme  diameter  is 
a,  gradually  increasing  in  brightness  for  a  decreasing  radius, 
for  the  short  distance  <i  —I,  leaving  a  central  area,  of  radius 
/>,  of  uniform  brightness. 

The  radius  of  the  image  formed  by  reflection  from  the 
ring  divided  by  the  radius  of  the  image  formed  by  the  cen- 
tral part  of  the  mirror  at  the  distance  F  from  the  surface 
is,  therefore, 

-  = ^t-  (8) 

r        cos  v  cos-£  v 

an  expression  which  shows  that  this  ratio  is  dependent 
only  on  the  angular  aperture  of  the  reflecting  surface  and 
that  for  increasing  values  of  v  the  magnitude  of  the  ratio 
increases. 

As  each  change  in  the  value  of  B  causes  a  corresponding 
change  in  <>,  and  hence  also  in  a,  it  follows  that  the  image 
formed  by  reflection  from  the  whole  surface  is  made  up  of 
an  infinite  number  of  images  having  diameters  which  in- 
crease from  2r  to  2a. 

For  the  extreme  case  when  /•  =  90°,  no  image  of  an 
area  can  be  formed  by  reflection  from  a  ring  of  the  mirror, 
as  the  only  intersections  in  the  focal  plane  are  those  at  t  ln- 
focal  point.* 

With  the  aid  of  the  foregoing  formulas  we  will  now  com- 
pare the  efficiency,  so  far  as  definition  is  concerned,  of  the 
more  modern  reflectors. 


*  In  this  connection  it  is  interesting  to  note  thai  for  the  <  !assegraln 
form  of  telescope,  andfor  this  form  only,  the  focus  of  the  parabolic 
reflector  can  be  made  so  short  that  even  for  v  much  greater  than  90° 
practically  all  the  stellar  light  intercepted  by  this  mirror  can  be  util- 
ized, provided  the  focus  of  the  secondary  hyperbolic  reflector  is 
extremely  short,  so  thai  only  a  small  amount  of  direel  light  is  inter- 
cepted by  the  secondary.  Such  an  instrument  would,  however,  only 
be  suitable  for,  say  spectroscopic,  bolometric  or  similar  work. 
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Reflector 

Diamet. 

of 
Mirror 

=  21im 

Focal 

Length 

=  > 

Max.  Ratio 
of  Diameters 
a 

r 

inn   ol  Angulai 

DlameteiB 

for  the  given  ratio 

Saturn's 

i  mtei  Kin;: 

Sun  or 
Moon 

Lord  Rosse 

Irrl 

6.0 

feet 

55.0 

L.0033 

0.13 

6 

Common 

5.0 

27.0 

1.0K77 

0.31 

14 

Lassell 

4.0 

37.0 

1.0022 

0.09 

5 

Melbourne 

4.0 

28.0 

1.0039 

0.16 

7 

Talis 

3.9 

23.4 

Line,] 

0.20 

ii 

Crossley 

3.0 

17.8 

1.0057 

0.23 

10 

Draper 

2.4 

13.0 

1.0064 

0.26 

12 

Lassell 

2.0 

20.0 

1.0019 

0.08 

3 

Roberts 

1.7 

8.2 

1.0078 

0.31 

14 

Common 

1.7 

3.7 

1.(1404 

1.62 

78 

Scliaeberle 

1.5 

12.3 

1.0028 

0.11 

5 

Draper 

1.3 

13.0 

1.0019 

0.08 

3 

Scliaeberle 

1.0 

3.7 

l.iil  11 

0.56 

25 

The  column  containing  the  values  of  -    give,  for  each 

instrument,  the  factor  by  which  the  diameter  of  the  image 
formed  by  the  central  area  must  be  multiplied  in  order  to 
equal  the  diameter  of  the  image  formed  by  reflection  from 
the  outermost  zone  of  the  particular  mirror. 

While  the  extreme  difference  between  these  angular  diam- 
eters of  the  same  object  remains  practically  constant  for 
any  part  of  the  field  of  view,  the  blurring  effect,  caused  by 
the  overlapping  images,  will  be  even  greater  than  the  ex- 
treme difference  in  the  diameters  whenever  the  distance 
from  the  optical  axis  is  greater  than  the  diameter  of  the 
image. 

Aside  from  distortional  effects  due  to  distance  of  the 
image  from  the  optical  axis,  each  star  image  will  appear 
brightest  at  its  center,  and  increase  in  size  along  a  line 
drawn  from  the  optical  center  as  its  distance  from  the  opti- 
cal axis  increases. 

In  the  case  of  a  double  star  the  factor   -   for  each  instru- 

/• 

ment  is  the  ratio  of  the  maximum  and  minimum  distance 
between  the  two  components  according  as  the  reflections 
corresponding  to  the  extreme  positions  of  the  images  take 
place  at  the  outermost  or  central  areas  of  the  mirror. 

All  distances  measured  from  the  optical  axis  with  a  par- 
abolic reflector  are  theoretically  too  large,*  and  practically 
so  for  nearly  all  of  the  instruments  mentioned  in  this  paper 
whenever  the  distance  measured  exceeds,  say,  10".  In  all 
cases  the  measures  should  be  made  only  a  few  seconds  of 
arc  from  the  optical  axis. 

An  inspection  of  the  figures  given  in  the  last  two  columns 
of  the  foregoing  table  at  once  makes  it  evident  that  all  of 
the  instruments  considered  form  sensibly  overlapping  images, 
even  for  the  planet  Saturn,  on  the  optical  axis.  The  Las- 
sell and  Draper  instruments,  owing  to  their  relatively  great 


EocaJ  Length,  being  most  free  from  this  error.     With  the 

for r  instrument,  it  will  be  remembered,  were  discovered 

bhe  atellite  of  Neptune,  the  two  inner  satellites  of  I'mmis 
and  bhe  faintesl  satellite  of  Saturn;  while  with  the  latter 
instrument  have  been  obtained  probably  the  best  photographs 
ol    l  he  Moon  taken  u  it  Ii  a  relied  ing  telei  cope. 

The  figures  in  the  last  two  columns  are  those  resulting 
from  the  best  possible  conditions.  For  instance,  "we  wish 
to  examine  the  Cassini-divisi I  Saturn's  ring.  By  bring- 
ing one  extremity  of  this  division  exactly  in  the  optical 
axis,  no  theoretical  (geometrical)  defects  would  be  present 
in  this  point  of  the  image,  but  at  the  opposite  point  of  the 
ring  a  want  of  good  definition  would  be  noticed;  the  amount 
of  the  blurring  for  the  different  telescopes  mentioned  are 
given  in  the  next  to  the  last  column.  As  the  width  of  the 
Cassini-division  is  less  than  half  a  second  of  arc,  at  least 
two  of  these  telescopes  would  only  show  the  division  as  a 
semi-dark  marking  in  the  ring-system,  the  whole  width  of 
the  division  being  flooded  with  light  from  the  overlapping 
images.  If  a  point  on  the  Moon's  circumference  and  in  the 
optical  axis  is  under  examination  the  outline  of  the  Moon's 
image  at  the  other  extremity  of  the  diameter  will  be  blurred 
to  the  extent  shown  by  the  figures  given  in  the  la.st  column, 
aside  from  the  purely  distortional  effect  also  produced.* 


*To  show  that  the  distortion  «.s  ordinarily  regarded  plays  only  a 
minor  part  in  the  cause  of  the  variations  here  considered,  let  as  im- 
agine that  a  perfect,  lens  whose  theoretical  surface  is  of  60  inches  aper- 
ture and  324  inches  focal  length  is  to  be  compared  with  Mr.  Common's 
great  parabolic  reflector  having  these  same  constants.  Let  the  focal 
image  be  0.1-inch  from  the  optical  axis  in  each  case,  corresponding  to 
an  angle  of  64".  The  distortion  may  then  he  regarded  as  a  function  of 
the  difference  between  the  lengths  of  two  lines,  in  a  plane  with  the 
optical  axis,  drawn  to  the  extremities  of  a  diameter  of  the  lens  or 
mirror.     A  simple  computation  gives,  for  the  lens 


Nearer  extremity  of  diameter, 

323.99  inches 

Farther,       "          "         " 

324.01      " 

Difference, 

0.02      " 

s  paraboloid, 

Nearer  extremity  of  diameter, 

324.79  inches 

Farther,       "          "         " 

324.81      " 

Difference, 

0.02      " 

*It  is  here  assumed  that  the  standard  distance  for  measuring 
angle  is  the  focal  length  F  oi  the  particular  telescope. 


Now,  since  the  distance  from  the  focus  to  the  center  of  the  mirror 
is  only  324.00  inches,  we  see  that  in  this  case  the  difference  between 
the  distance  from  the  focus  to  the  center  of  the  mirror,  and  the  dis- 
tance from  the  focus  to  the  edge  of  the  mirror  is  40  times  as  great  as 
the  function  on  which  the  distortion,  as  ordinarily  considered,  de- 
pends. 

For  the  first  case  the  two  focal  points  of  the  small  surface-areas  at 
the  extremities  of  the  diameter  of  the  lens  will  lie  on  opposite  sides 
of  the  focal  plane  and  at  different  distances  from  the  optical  axis. 
All  the  other  focal  points  corresponding  to  other  elementary  areas  of 
the  lens  will  lie  along  a  line  joining  these  t\\  o  points.  In  the  case  of 
the  parabolic  mirror  every  image  formed  by  any  concentric  ring- 
surface  element  of  the  mirror  may  be  regarded  to  be  of  a  practically 
perfect  outline,  disregarding,  for  the  present,  the  penumbra]  bound- 
ary whose  width  is  (a —  b)  insensibly  elongated  and  situated  in  the 
principal  focal  plane.  The  images  will  be  arranged  along  a  line 
ilia  mii  from  the  optical  axis,  and  increase  in  size  as  the  distance 
from  the  optical  axis  increases. 
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From  these  tin  siderations  il  is  therefore  evi- 

dent tlmt  if  a  good  defining  power  is  desired,  the  ratio  oi 
Length  to  aperture  .should  never  be  less  than,  say,  1  I 
to  1. 

The  exact   position  of  the  point,  in  the   t i « - 1  * i   of  view, 
through  which  the  optical  axis  passes  should  be  known. 
No.  l.J     The  radius  of  the  field  of   measured 
distances  with  the  optical  axis  as  a  center,  should  then  not 
the  value  which  introduces  an  error  of  more  than. 
05.     With  this  condition  fulfilled  the  limiting  radius 
field  of  view  of  best   definition  for  each    telescope 
ii. unci  in  the  table  and  in  the  order  given,  would  be  as  fol- 
lows : 
l.v.  7'.  22",   ]■■■'.  9",  9",  8",  25",  6",  1".  19",  25",   I". 
As  even  the  most  carefully  mounted  mirror  is  liable  to 
shift  through  a  much  larger  angle  tor  different  pointings  oi 
the  telescope,  a  convenient  ami  rapid  method  of  finding  the 
Lick  Observatory.  University  of  California,  1897  Sept.  10. 


Optical  axis  should  he  used  if  the  best  possible  results  are 
desired. 

While  the  present  investigation  has  been  confined  to  the 
tield  ol  geometrical  optics,  it  seems  practically  certain  that. 

there  are  no  laws  of  physical  optics  which  can  operate  in 
such  a  ua\  as  to  correct  the  detects  in  the  images  <>1  even 
the  .smallest  areas  formed  by  a  perfect  paraboloid  of  revo- 
lution. 

In  conclusion,  it  seems  surprising  that  the  exact  de- 
termination of  the  errors  in  the  focal  images  due  to  the 
varying  distance  from  the  focus  to  the  various  points  on  the 
reflecting  surface,  has  apparently  never  been  made,  when 
in  fact  these  errors  alone  satisfactorily  demonstrate  that  a 
large  parabolie  reflector  baving  a  ratio  of  focal  length  to 
aperture  which  is  less  than.  say.  fourteen  to  one.  is  theo- 
retically and  practically,  unfit  for  making  observations  of 
extreme  delicacy . 


CONFIRMATION   OF  VARIABILITY* 

Bv  .1.  A.   PARKHURST. 

1  have  secured  the  following  observations  of  Anderson's 
new  variable    in   Hercules  at  16h   ">•">'".   +31°  26'  (1855 
Having  revised   my  light-scale   1   give  the  improved  values 
for  the  whole  series. 

The  light-scale  depends  on  thirty  comparisons  on  the 
eight  evenings. 


1897 


Observations. 

Aug 

23 

9.5 

1897  Aug.  30 

L0.3 

24 

'.1.7 

Sept.    :; 

lit.l 

27 

9.9 

7 

10.(3 

29 

10.2 

L2 

11.1 

OX   THE   NATURE   OF   THE   LIGHT 

By  YVM.   E 

The  variability  of  this  star  was  announced  i  Ast.Jmir.,  IX, 
p.  180)  by  I'm  i.  in  1S88  ;  it  was  then  confirmed  bySAWTEB 
i  hi.,  p.  183),  who  stated  that  its  variation  was  of  the  Algol- 
type;  <  'n  an  I'll  n  i  /-/..  p.  190)  confirmed  the  .f/y»/-type  ;  then 
followed  Ykniiki.i.  (Id.,  vol.  X,  p.  11)  giving  a  further  con- 
tinuation of  the  JA/'^-type  nature  of  its  variation. 

Under  date  of  1896  dune  .">.  Harvard  College  Observatory 
issued  their  Circular  No.  7,  and  in  it  appears  the  following 
paragraph  alluding  to  the  tj  pe  of  variation  of  this  star: 

••  \  large  number  of  observations  have  been  made  with 
the  meridian  photometer  to  determine  the  forms  of  light- 
curve  of  stars  of  the  Algol-type.  SAntliae  has  been 
hitherto  regarded  as  belonging  to  this  class,  and  is  of  int  cr- 
est from  the  shortness  of  it-  period,  7  I6ra.8,  and  since  it 
all  brightness  for  less  than  half  of 
ime.  It  is  difficult  to  reconcile  the  last  condition  with 
the  theory   that   the    variation    is   due   to   a   dark   eclipsing 


VARIATIONS   OF  3407  8  AXTLIAE, 

SPERRA. 

body.  One  hundred  and  seventy -seven  measures,  each  con- 
taining sixteen  photometric  settings  on  S  Antliae  were 
made  with  the  meridian  photometer,  and  give  eight  normal 
points.  A  smooth  curve  with  only  two  points  of  inflection 
can  be  drawn  through  these  normal  points,  the  greatest 
deviation  being  0M.02.  From  this  it  appears  that  SAntliae 
is  not  a  star  of  the  A/gol-type,  that  its  light  is  continually 
changing,  and  that  it  belongs  to  the  class  of  variables  of 
short  period,  like  S  Cephei  and  tj  Aquttae.  An  interesting 
feature  of  this  curve  is  that  the  time  of  increase  occupies 
0.62  of  the  entire  time  of  variation,  the  increase  of  light 
being  slower  than  the  diminution." 

Upon  the  assumption  that  it  was  of  the  Algol-type,  I 
commenced  observing  the  star  in  the  Spring  of  1895,  and 
observed  it  seventy -two  times  on  six  nights,  when  the  above 
circular  came  to  my  notice.  My  resulting  minima  are 
given  below.     The  times  are  heliocentric  local  mean  time, 


•In  consequence  of  the  above  confirmation  tin-  definitive  notation  is  thus  assigned: 
(1900)  to1  56"  4-V.  +:;i    22'.8.— Ed. 


6100  liV  Herculis;  (1855)  16"  55™  2»   -f:;i    26'.  I  ; 
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which  is  about  5h  23m  slower  than  that  of  Greenwich.  The 
column  O  — C  gives  the  residuals  from  a  comparison  with 
Chandler's  elements.     The  times  are  from  a  single  curve. 


Observations 

o— c 

1895  March  18  10  52 

17 

-41 

21     8    10 

10 

_30 

22     8  20 

1(1 

-50 

April     2     8  30 

15 

-28 

1896  April     4     8  30 

7 

-60 

When  the  Harvard  Circular  appeared  it  was  decided  to 
change  the  method  of  observation  of  the  star,  and  instead 
of  observing  for  the  minimum  only,  observations  were  com- 
menced without  any  reference  to  the  computed  time  of 
minimum,  and  as  many  observations  were  obtained  each 
clear  night  as  circumstances  permitted.  In  this  manner 
the  observations  were  unaffected  by  any  previous  knowledge 
of  what  the  star  should  appear  like,  or  should  do.  From 
189f>  October  25  to  1897  May  16,  one  hundred  and  twenty- 
two  additional  observations  were  obtained  on  thirty-two 
nights,  making  a  total  of  one  hundred  and  ninety-four 
observations  iu  all.  By  means  of  the  elements  in  Chand- 
ler's Third  Catalogue  these  observations  were  collected 
into  half-hourly  groups,  and  fifteen  normal  points  for  a 
mean  light-curve  were  obtained.  In  the  table  are  given 
readings  from  the  curve  passing  through  these  points.  The 
phase  of  the  points  is  reckoned  from  the  minimum  or  low- 
est point  of  the  curve.  The  value  of  my  light-step  in  the 
scale  given  at  the  close  of  this  paper  is  0.040  of  a  magni- 
tude. 

Readings  from  the  Mean  Light-Curve. 


Time  after 

Time  after 

minimum 
h      in 

0     0 

Light 

minimum 

Light 

7.4 

3h48n(Max.) 

16.0 

0  30 

8.3 

4     0 

16.0 

1     0 

10.5 

4  30 

15.8 

1  30 

12.8 

5     0 

15.3 

2     0 

14.4 

5  30 

14.6 

2  30 

15.2 

0     0 

13.3 

3     0 

15.7 

6  30 

12.2 

3  30 

15.9 

7     0 

9.7 

7  30 

7.7 

From  the  readings  of  the  curve  it  will  be  noticed  that 
the  light  of  the  star  is  continually  changing,  though  for 
about  two  hours  on  either  side  of  maximum  the  change  is 
very  slow,  amounting  to  only  two  light-steps,  or  0.1  magni- 
tude. The  interval  from  minimum  light  to  maximum  is 
0.49  of  the  entire  period. 

With  but  two  exceptions  all  the  observed  lights  making 
up  the  nine  groups  for  normals  near  the  maximum  part  of 
the  curve,  differ  but  little  from  the  mean  of  the  group, 
while  the  remaining  six  near  minimum  have  high  and  low 
lights  thrown  into  them.  The  curve  is,  therefore,  quite 
satisfactory  near  maximum,  but  very  indecisive  at  mini- 
mum.    The  difference  of  light  in  some  groups  amounts  to 


eight  or  nine  steps,  or  about  two-thirds  the  light-range  of 
the  star;  the  greatest  range  of  light  between  maximum 
and  minimum  that  I  have  noted  being  about  twelve 
steps. 

The  difference  in  light  of  some  of  11 bservations  in  the 

groups  seems  to  be  too  great  to  be  attributable  to  errors  of 
observations,  and  besides  is  of  too  frequent  occurrence 
to  be  assignable  to  any  such  cause.  That  what  is  meant 
may  lie  evident  to  all,  the  accompanying  table,  giving  I  In- 
observed  lights  grouped  according  to  the  computed  phase, 
and  showing  the  observations  that  fall  under  any  one 
night's  work,  is  given.  The  mean  time  for  cadi  group  is 
at  the  head  of  each  column  of  lights,  and  the  mean  light 
for  the  group  is  at  the  bottom  of  same  The  point  of 
reference  for  the  times  of  each  group  is  the  computed  time 
of  minimum  by  Chandler's  elements,  and  all  the  groups 
have  been  reckoned  as  after  minimum. 

A  study  of  the  observations  on  nights  when  minima,  or 
portions  thereof  were  observed,  would  seem  to  indicate  thai 
the  mixing  of  high  and  low  lights  in  the  groups  for  normals, 
arises  from  two  causes,  viz. :  that  the  form  of  curve  at 
minimum  seems  not  to  be  constant  at  different  minima, 
but  that  the  decrease  is  often  much  more  rapid  than  the 
increase,  and  vice  versa,  and  at  other  times  both  are  nearly 
equal;  and  secondly,  an  oscillation  of  the  time  of  minimum 
with  respect  to  the  time  of  the  maximum  phase  which  is 
constant.  However,  of  these  two  apparent  causes  I  would 
at  present  speak  but  modestly,  as  other  causes  might  con- 
spire to  cause  the  discrepancy  ;  but  as  the  meridian  altitude 
of  the  star  is  small,  the  hour-angle  complication  is  not  to 
be  reckoned  with,  and  it  does  not  seem  that  it  could  be 
altogether  due  to  absorption,  as  the  color  of  the  star  is 
white  (Chandler's  Catalogue).  It  might  be  of  interest  to 
investigate  this  point  further  when  more  observations  are 
at  hand. 

As  previously  stated  the  change  of  light  for  nearly  four 
hours  at  the  maximum  phase  is  so  slow,  and  the  range  so 
slight,  that  with  the  average  value  of  the  light-step  of  most 
observers,  viz.,  0.1  magnitude,  this  part  of  the  curve  would 
be  practically  flat,  giving  the  impression  that  it  was  of  the 
Algol-type ;  though  the  nearly  equal  times  consumed  in  the 
light-change  of  minimum,  and  the  nearly  stationary  light 
at  maximum,  would  indicate  that  the  cause  of  the  light- 
variation  is  due  to  an  entirely  different  cause  than  that  of 
an  eclipsing  body,  as  in  the  case  of  Algol. 

The  comparison-stars  used,  with  their  light  and  magni- 
tude (Sawyer),  are  given  below.  The  numbers  are  from 
the  Uranometria  Argentina. 


Name 

Light 

66  Pyxidis, 

6.5 

19.8 

7  Antliae, 

7.0 

9.4 

5  Antliae, 

7.4 

0.0 

to 
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1'  LBLB    OP    I  >BSER\   \  II 

r   Norm  lls  <  rROi  ped   Ai  cordini 

ro  i  Iompi  iii'   I'n  \ 

-1        IN  |i      DAT] 

of  <> 

IS]  i;\  vnov. 

1    2">.0 

i    16  .1 

5h21ra.3 

5    i-   A 

B    I-    : 

7''1'.''".7 

L895  Mar.  L8 
21 
22 
24 

L895  Apr.     2 

L896  Apr.    1  1 

L896  0 

26 
L896  Nov.     1 

Lo 

22 

29 
30 

1896  Dec.      1 

27 

1897  Feb.   24 

27 

L897  Mar.     7 

in 

1  1 

i:> 
if. 

20 

21 
28 

30 

31 
L897  Apr.   in 

17 
I'd 
24 

•  i- 

L897  -May     5 

8 
Hi 
13 
15 
16 

5.S 

L3.1 
12.6 

5.9 
5-2 

12.6 

L3.1 

7  t 
13.1 

12.6 

12  9 

!•_'   1 

7.9 

12.2 

5.2 
5.0 

6.2 

5.0 

17 

"•- 
6.4 

• 
12.6 

12.4 

11.1 

7.4 
8.4 

9.4 

r  4.7 

5.7 
6.7 
5.7 
5.9 

5-2 

5.9 

|   6.2 

5.2 

1  1.1 

13  l 

6.9 

8.4 

6.4 

12.6 
7.5 

•  - 

6.2 

(1.7 

6.  l 

11'.  1 

^12.6 
L2.6 

7.2 
9.4 
13  6 

9.4 
L2.6 

12.1 

i:;.i; 

8.2 
,  10.4 

6  9 

7.1 

12.6 
13.1 

L2.6 

14.1 
13.4 

I  1.1 

Ml'.l 
13  1 

II  (i 

14.8 

1  l.l 

L3.6 

1  1.1 
1  1.1 

16.3 
15.1 

13.9 

15.6 

l  I.e. 

13.9 

15.1 

13.9 

fc3.9 

14.6 

1 5.8 

1  1.1 

flo.8 

116.1 

14.8 
15.3 

T16.3 
[16.6 

1G.3 

16.4 
16.3 

16.3 
16.1 

1 5.8 

17.1 

•    • 

L6.4 

15.4 

15.6 

fl6.6 
J16.1 

lo.i 

16.3 
15.6 

lA.I 

L6.4 

16.4 
14.8 

15.8 
16.6 

15.9 

15.3 

15.6 

15.3 

15.6 

13.6 

L5.6 

15.1 
15.4 

L6.3 

16.3 

1 5.8 
L4.6 

ir,.l 

1  1.2 

I  i  - 

14.0 
14.S 

16.6 

15.6 
1  1.1 
15.1 

14.6 
16. 4 

fl2.6 
13.4 

1  1.0 
14.1 

15.1 
L5.6 

11.9 

1  1,1 

13.9 
1i'.  8 

7.2 
6.4 

6  11 

[13.6 
|   6.7 

13,6 

l:;.o 

I  i  i 

l  l.l 
L3.4 

10.4 
15.1 

13.1 

13.2 

11,1 

10.6 

7.9 

7.7 

9.3 

11.1 

13.9 

14.6 

15.6 

15.9 

16.0 

15:6 

15.3 

15.1      12.8 

11.6 

Randolph,  Ohio,  1897  Sept.  8. 
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ON    THE    EFFECT    OF    THE    SIZE    OF    AN    OBJECTIVE    ON    THE 
OF  LINEAR   MARKINGS   ON   THE   PLANETS, 

By  F.  L.  O.  WADSWOKTH. 


VISIBILITY 


In  the  discussion  of  the  relative  advantages  of  telescopes 
of  large  and  of  small  apertures  for  observing  planetary 
markings  in  the  nature  of  fine  lines,  such  as  the  linear 
markings*  on  Mars,  there  is  one  point  of  considerable  im- 
portance which  is  generally  either  completely  lost  sight  of, 
or  worse  yet,  mis-stated.  In  the  latter  case  the  error  arises 
from  making  use  of  the  principles  of  geometrical  rather 
than  of  physical  optics,  a  procedure  that  invariably  leads 
one  to  erroneous  conclusions  when  it  is  a  question  of  de- 
termining the  intensity  or  character  of  the  images,  on  the 
one  hand  of  fine  points  or  lines,  or  on  the  other  of  the 
general  illumination  of  the  field  due  to  extended  luminous 
areas  of  nearly  uniform  intensity,  such  as  a  starlit,  or,  under 
certain  conditions,  a  moonlit  or  sunlit  sky. 

Thus  in  a  recent  publication  the  statement  was  made 

b2 
that  the  intensity,  i,  of  the  image  of  a  fine  line  varied  as  —  , 

b  and  /  being  respectively  the  aperture  and  focal  length  of 
the  image-forming  lens.     Then  since  the  intensity  i„  of  an 

imatce  of  a  surface  of  finite  size  varies  as  —. ,  it  would  follow 

f- 
at  once  from  the  above  assumption  that  the  distinctness  of 

a  fine  line  of  intensity  k,  projected   on  a  surface  of  in- 
tensity k„  would  be  proportional  to 

(1)     Contrast  between  two  images  =  K  =  — — -  =  1  +  — 


(2) 


if -1   = 


-#/ 


or  the  distinctness  of  fine  lines  on  a  uniform  surface,  such 
as  rills  and  veins  on  the  surface  of  the  Moon  or  linear 
markings  on  the  surface  of  Mars,  will  be  independent  of 

*The  writer  suggests  the  term  linear  markings  in  place  of  the 
usual  designation  "canals,"  as  indicating  all  that  the  word  canali 
of  Schiaparelli  was  originally  meant  to  express,  without  convey- 
ing the  idea  of  artificiality  which  has  been  unwarrantably  ascribed  to 
them  by  more  recent  writers. 


the  aperture,  and  will  vary  simply  as  the  focal  length  of 
the  telescope.  It  would  hardly  seem  necessary  to  point 
out  at  this  time  (when  the  principles  of  the  wave-theory 
have  been  commonly  accepted  and  taught  for  nearly  a  cen- 
tury) that  such  a  conclusion  is  entirely  wrong.  Yet,  so 
far  as  the  writer  has  been  able  to  determine,  it  has  so  far 
been  allowed  to  pass  unchallenged. 

In  a  recent  paper  dealing  with  the  general  theory  of  the 
images  of  different  forms  of  radiating  sources,*  it  has  been 
shown  that  the  intensity  at  the  center  of  an  image  of  a  fine 
line  of  limited  length  is  represented  by 


g  7c -2=  const. /.- 


fi2.b 


(3) 


The  intensity  of  an  image  of  a  uniformly  luminous  sur- 
face of  finite  extent,  for  all  points  not  near  the  edge  of  the 
geometrical  image  (such  as  the  central  portion  of  the  sur- 
face of  a  planet),  is 

i,  =   k„~,„  =  const.  k„.(32  (4) 

The  contrast  between  the  image  of  the  line  (at  the  cen- 
ter) and  the  image  of  the  surface  on  which  it  is  projected 
is  therefore 


K  = 


1+3 


ttA 


or,  instead  of  the  contrast  varying  as  the  focal  length,  as  it 
would  according  to  the  principles  of  geometrical  optics,  it 
really  varies  directly  as  the  linear  aperture  of  the  telescope, 
and  is  independent  of  the  focal  length  of  the  latter.  That 
is,  a  line  of  given  intensity,  k,  as  seen  projected  against  a 
surface  of  uniform  intensity  k„  in  a  telescope  of  given 
aperture  b, ,  would,  optical  conditions  being  perfect,  appear 
twice  as  bright  (or  dark,  according  as  k  is  greater  or  less 

*  "On  the  Conditions  of  Maximum  Efficiency  in  Astrophotographic 
Work."  Part  I.  General  Theory,  Astrophysical  Journal,  August, 
1897. 

(41) 
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than   i  viewed   through   an    aperture   26,,   three 

times  as  bright  through  an  aperture  34  .  etc.,  and  lines 
which,  on  account  of  the  small  difference  between  /.•  and  k, 
could  not  be  seen  at  all  through  an  aperture  b  .  might  be 
made  out  with  an  aperture  26, ,  and  easily  seen  through  an 
aperture  36  .  <  >r,  to  put  it  in  another  more  definite  way, 
the  linear  markings  on  Mars  I  I  by  Schiapabi  i.i.i 

in  ls77  with  an»8f-incb  aperture  ought,  under  perfect  con- 

-.  to  be  nearly  three   times  as  distinct  with  a  -  l-ineli 
aperture,  and  over  tour  times  as  distinct  when  seen  through 
och  apertun  I     k  telescope. 

There  is,  however,  an  effect  which,  under  practical  con- 
ditions of  observation,  has  always  to  be  taken  into  account, 
and  which  diminishes  considerably  this  theoretically  greater 
efficiency  of  large  apertures;  i.e.,  the  greatly  increased 
effect  of  what  maybe  termed  atmospheric  aberration  at- 
tendant upon  increase  in  aperture.  The  effect  of  aberration 
on  the  definition  and  the  intensity  of  the  image  of  a  line 
has  been  investigated  by  R  \\  deigb  |  Phil.  Mag.,  <  tat.,  1879), 
who  finds  that  in  the  case  of  an  unsymmetrical  aberration 
varying  as  «c'  (a  cylindrical  wave  inclined  to  the  axis  of 
the  instrument)  the  effect  of  a  given  disturbance  varies  as 
the  cube  of  the  linear  aperture,  i.e.,  if  the  disturbance  is  such 
as  to  introduce  an  extreme  aberration  of  one-fourth  period 
(difference  of  phase  between  the  extreme  and  central  raj  S  | 
with  a  given  aperture  b,,  then  an  increase  of  25  percent,  in 
the  aperture  introduces  an  aberration  of,  one-fourth  period 
X  (1.25)*=  nearly  one-half  period ;  and  an  increase  of  50 
per  cent.,  an  aberration  of  nearly  seven-eighths  of  a  period. 

ition  impairs  the  definition  by  increasing  unduly  the 
importance  of  the  first  lateral  band  of  the  diffraction  pattern, 
and  likewise  reduces  the  contrast  by  diminishing  the  in- 
tensity at  the  center  of  the  image  of  the  line ;  the  effect 
upon  the  intensity  of  the  central  portion  of  the  image  of  a 
surface  being  negligible.  In  the  above  case  (rectangular 
aperture,  unsymmetrical  aberration)  the  intensities  at  the 
center  of  the  image  of  a  line  would  vary  in  ratio, 

Fur  zero-aberration,  1.00 

For  aberration  amounting  to  \  period,  .95 

"  "  "  ••   \  period,  .78 

Hence  a  given  disturbance  sufficient  to  introduce  an  aber- 
ration of  the  above  character  amounting  to  one-fourth 
period  would  reduce  the  intensity  at  the  center  of  the  line, 
and  therefore  the  contrast,  about  5  per  cent.  This  same 
disturbance  would,  with  an  aperture  only  one-fourth  larger, 
introduce  an  aberration  of  nearly  one-half  a  period,  and  re- 
duce the  contrast  22  per  cent.  For  a  circular  aperture  the 
i  'f  an  increasing  aberration  upon  the  diminution  of 
intensity  is  somewhat  greater. 

With  a  symmetrical  aberration  (spherical  disturbance) 
and  circular  aperture  the  effect  of  a  given  disturbance  will 
vary  as  the  fourth  power  of  the  aperture,  and  the  intensity 


will  tall   off  even   more   rapidly   with   an    increase   in   aber- 
ration. 
Thus  we  have  for  this  case, 

For  zero-aberration,  1.00 
For  alienation  amounting  to  ]  pel  .80 

"  "  "  "    I  period,  .39 

These  numbers  would  be  increased  somewhat  if  the  foCUS 

dj usted  for  each  change  in  aberration.     But  in  gen- 
eral, in  the  case  of  atmospheric  disturbances,  this  would 

not  be  possible  for  the  reason  that  the  effect  is  continually 

and  rapidly  varying. 

In  general,  then,  we  must  introduce  in  the  expression 
for  i  a  factor  h,  whose  value  will  vary  from  0.98  (for 
sensibly  perfect  definition)  to  less  than  0.4  for  an  aberra- 
tion amounting  to  only  one-half  a  period.  We  obtain  then 
for  £ 

T.        i,+hi         .    .    ,    k      8      b 

h  —  ■  --  •  T  (G) 


/.,,     .'Iff 


If  we  assume  the  smallest  difference  in  intensity  which 
can  be  perceived  by  the  eye  to  be  two  per  cent.,  we  have  at 
the  limit  of  visibility 

102 


K-l   = 


10(1 


-  1  =  0.02 


whence 


7f-  =  0.02  •  1.16  £ 
/<„  b 


I  -  "<*  I 


(") 


where  a  is  the  resolving  power  of  a  circular  aperture. 

The  quantity  J  may  be  termed  the  discerning  power  ol 
an  optical  instrument.  It  is  the  ratio  between  the  intensity 
(per  unit-area)  of  a  surface,  and  the  intensity  (per  unit- 
length)  of  the  faintest  line  that  can  be  seen  projected 
against  that  surface. 

If  h  were  unity,  i.e.,  if  there  were  no  atmospheric  aber- 
ration, the  discerning  power  of  an  instrument  would,  as 
already  stated,  vary  directly  as  its  linear  aperture.  But 
for  a  given  atmospheric  disturbance  of  magnitude  e,  h  is  a 
function  of  the  third  or  fourth  power  of  b  (according  to 
the  nature  of  the  disturbance)  and  will  therefore  decrease 
much  more  rapidly  than  b  increases.  For  each  value  of  e 
there  will  be  a  value  of  b  for  which  we  will  have 

J,  =  const.  J.  A   =   maximum  (8) 

and  for  any  value  of  b  larger  than  this  the  value  of  ./  will 
decrease  very  rapidly.  That  is,  it  is  not  only  useless,  but  a 
very  great  disadvantage,  to  use,  for  observing  linear  mark- 
ings on  a  planetary  surface,  a  telescope  having  an  aperture 
larger  than  a  certain  size,  the  increase  in  size  actually  oblit- 
erating lines  that  might  at  the  same  time  be  seen  in  a 
smaller  instrument. 

Just  what  this  maximum  size  is  depends  on  atmospheric 
conditions,  and  must  be  determined  largely  by  experience. 
In  some  localities  ten  inches  might  be  as  large  as  could  ever 


No- 414 


THE     ASTRONOMICAL     JOURNAL. 


43 


be  used  to  advantage  ;  in  others  the  maximum  power  of 
apertures  two  or  three  times  this  size  might  be  attained. 
It  would  be  of  the  greatest  interest  to  determine  the  maxi- 
mum aperture  that  could  ever  be  used  with  elticienry  for 
this  purpose,  but  with  the  meagre  data  at  present  available 
it,  is  only  possible  to  arrive  at  a  very  rough  idea  in  regard 
to  this.  Considerations  of  the  wave-theory  (Rayxeigh, 
■•  Wave  Theory,"  Eno.  Brit.,  Vol.  24)  lead  to  the  conclusion 
that  it  is  not  until  the  aberration,  either  instrumental  or 
atmospheric,  amounts  to  at  least  one-quarter  period,  that 
the  effect  on  the  definition,  so  far  as  this  is  determined  by 
the  sharpness  of  outline,  would  begin  to  be  noticed.  Up 
to  this  point  the  seeing,  from  an  astronomical  standpoint, 
would  still  be  pronounced  "perfect,"  i.e.,  5  on  a  scale  of  5. 
With  an  aberration  amounting  to  one-third  period  the  seeing 
would  probably  still  be  pronounced  "  good,"  perhaps  4  on  the 
same  scale  as  before.  Now  with  the  most  powerful  instru- 
ments yet  used,  the  Lick  and  the  Yerkes  telescopes,  the 
seeing  is  very  rarely  perfect,  and  it  would  probably  be  unsafe 
to  assume  that  the  aberrational  disturbances  ever  (save  at 
only  the  briefest  intervals  of  time,  so  brief  and  transitory 
as  to  be  lost  for  observational  purposes)  amount  to  less  than 
one-fourth  period.  For  these  instruments,  therefore,  the 
maximum  value  of  A  would  be  0.8,  and  the  product  bh  would 
(for  a  40-inch  aperture)  be 

bh  =  32 

The  aberrational  effect  of  this  same  degree  of  disturbance 
on  an  instrument  of  smaller  size  would  decrease  in  the 
inverse  ratio  of  the  third  to  fourth  power  of  the  aperture. 
Hence  with  an  instrument  of  an  aperture  about  one-eighth 
smaller  (35  inches)  the  extreme  aberration  would  be  between 
two-thirds  and  four-sevenths  as  great  as  before,  i.e.,  would 
amount  to  a  little  more  than  one-seventh  period.  For  this 
amount  of  aberration  the  value  of  h  would  be  raised  to 
about  0.93.  The  product  bh,  is  therefore  slightly  greater 
than  before,  thus 

bh  =   35  X  0.93   =  32.5 

or  an  instrument  of  35  inches  aperture  would,  under  the 
conditions  assumed  above,  have  a  slightly  higher  discerning- 
power  than  one.  of  40  inches  aperture.  Below  35  inches, 
however,  the  efficiency  would  diminish  almost  directly  as 
the  aperture ;  h  having  already  attained  (at  35  inches) 
very  nearly  95  per  cent,  of  its  maximum  value  of  about 
0.97  to  0.98. 

It  must  be  insisted  upon  that  this  conclusion  is  based 
entirely  upon  the  assumption  that  the  atmospheric  aberra- 
tion with  a  40-inch  aperture  is  never  less  than  one-fourth 
period.  This  assumption  was  made  in  order  to  be  duly 
conservative  in  regard  to  the  possible  advantages  of  very 
large  instruments.  If  there  were  times  at  which  the  effect 
of  atmospheric  disturbances  were  less  than  this  it  would 


follow  that  the  limit  of  efficient  size  would  be  somewhat 
greater  than  is  indicated  above.* 

Of  course  the  available  time  of  "good"  seeing  (i.e.,  good 
as  judged  by  that  particular  instrument)  would  be  greater 
the  smaller  the  aperture.  If  we  assume  that  the  time  / 
during  which  the  atmospheric  disturbances  will  not  exceed 
a  certain  amount  is  proportional  to  the  magnitude  c  of  this 
disturbance,  and  that  as  assumed  above  the  effect  of  e  is 
proportional  to  between  the  third  and  fourth  power  of  the 
aperture;    it  would  follow  that  the  time  t,  during  which  a 

certain  grade  of  seeing  was  attained  would  vary  as     a  to    -t  , 

i.e.,  in  the  long  run  the  total  time  of  good  seeing  with  a 
20-inch  glass  would  be  something  like  ten  to  twelve  times 
as  great  as  the  total  time  during  which  the  seeing  was  of 
the  same  order  with  a  40-inch  glass. 

As  a  matter  of  fact  the  ratio  of  t  to  e  is  likely  to  be  even 
more  unfavorable  than  has  been  assumed,  particularly  when 
very  large  apertures  are  in  question.  This  would  mean 
that,  for  work  requiring  a  certain  grade  of  definition,  con- 
siderably more  than  ten  times  the  quantity  could  be  accom- 
plished with  a  telescope  of  20-inches  than  could  be  accom- 
plished with  one  of  twice  its  size.  But  when  it  is  a  ques- 
tion of  verifying  or  disproving  a  given  observation  in  the 
nature  of  a  linear  marking  on  a  planetary  surface  it  is  not 
quantity,  but  quality  of  work — not  the  total  time  available 
for  observation,  but  the  power  of  observation  at  chosen 
times  — that  is  or  should  be  decisive.  I  will  venture  to  say, 
too,  that  there  is  no  telescope  so  unfavorably  situated  that 
there  are  not  times  at  which  the  atmospheric  conditions  are 
good  enough  to  permit  of  all  the  advantages  commensurate 
with  its  aperture  being  attained.  No  one  observatory, 
therefore,  can  claim  a  monopoly  with  reference  to  efficiency 
in  planetary  study,  although  it  may,  from  its  location,  be 
able  to  advantageously  devote  more  time  to  such  work  than 
another. 

Another    point   of    interest    in    this   connection  is    with 

*To  show  how  small  an  effect  will  produce  this  amount  of  aberra- 
tion let  us  consider  the  amount  of  temperature  disturbance  within  the 
tube  of  the  telescope  which  would  be  sufficient  to  introduce  a  phase- 
difference  of  one-fourth  period  in  the  rays  passing  through  different 
parts  of  the  tube.  Kayleigh  has  shown  (Phil.  May.,  Nov.,  1870, 
p.  410)  that  such  an  effect  will  be  produced  by  "  a  stratum  of  air 
....  12cm.  long,  heated  one  degree  Centigrade,"  ....  (over  the 
rest  of  the  air  in  the  tube),  ....  "  lying  along  the  top  of  the  tube, 
and  occupying  only  a  moderate  fraction  of  the  whole  volume."  If 
this  stratum  extended  the  full  length  of  the  tube  of  the  40-inch 
(length  over  1800cm.)  the  difference  in  temperature  between  it  and 
the  rest  of  the  air  in  the  tube  would  have  to  be  less  than  one  one- 
hundred-and-fiftieth  of  a  degree  Centigrade,  (or  less  than  5-55°  F.) 
to  introduce  an  aberration  of  one-fourth  period.  If,  as  Eayleiqh 
says,  "the,  change  of  temperature  progressed  uniformly  from  one 
side  of  the  tube  to  the  other,  the  result  would  be  a  lateral  displace- 
ment of  the  image  without  loss  of  definition,  but  in  general  both 
effects  would  be  observable." 
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reference  to  the  actual  width  of  lines  which  are  just  visible. 
Tins  is  a  question  that  has  already  been  investigated  by 
Mjchelson  (Astrophysical  Journal,  Vol.  11,  p.  .60,  June, 
L895)  who  has  worked  oul  the  case  for  a  rectangular  aper- 
ture (which  is  very  nearly  the  same  as  a  circular  on 
an  infinitely  long  line  mi  an  infinitely  extended  background.* 
The  expression  for  the  Limiting  width  of  a  short  line  just 
visible  against  a  source  of  finite  size,  with  an  instrument 
i>t  circular  aperture  of  diameter  6,  is  readily  obtained  from 
,:;,  and  (5)  thus. 

The  brightness  k  of  the  line  is  by  definition  the  apparent 
intensity  per  unit-length  when  seen  alone.  When  the  line 
is  on  the  surface,  the  uniform  continuity  of  the  illumina- 
tion of  the  latter  is  interrupted,  and  for  points  near  the 
line  il>  would  no  longer  hold.  In  this  case,  in  determin- 
ing contrast,  we  musl  define  /.•  as  the  effective  brightness  of 
the  line,  thus  (see  paper  already  referred  to  in  Astrophysical 
Journal,  Aug..  1897  I 
(9)  k  =   (/.•„-/.•>  <j 

where  ft,  is  the  real  brightness  of  the  line  per  unit  of  sur- 
face, and  <t  the  angular  width  of  the  line   (supposed  small 
parison  with  the  revolving  power  of  the   aperture 

Table  I. 


through  which  it  is  viewed). 

shown, 


Subsl  it  ut  iic. 


3V  '  X  ' 
in  (0)  we  get 
K  -  1  =  h 


Further  we  have,  as  already 


1 


1;„—  k,     <t 
k,      '  a 


(10) 

which  (omitting  the  factor,  h)  is  the  form  obtained  by 
M n  in. i. son.-  It  we  assume  as  before  [see  (7)]  thai  the 
eye  ran  perceive  percentage  differences  of  brightness  of  two 
per  cent.,  we  would  have  for  the  width  of  lines  just  at  the 
limit  of  visibility 

XT,'h  (11) 


=   0.02  .  a =-  .  h 


The 


table  gives  the  value  of 


for  different 


ollowinu 

It  a 

values  of    — ,  from  0  (line  absolutely  black),  to  /,-,  =  0.9  A, 

(difference  of  intensity  of  10  per  cent,  only);  for  two  de- 
grees of  contrast,  i.  e.,  K  —  1  =  0.02  (lines  barely  visible), 
and  K  —  1  =  0.05  (lines  distinct).  The  value  of  Ji  is  taken 
as  0.93,  corresponding  to  the  assumed  best  conditions  of 
observation  with  a  telesco^ie  of  35  inches  aperture. 


k, 
k. 

1 

a 

k, 
k. 

1 

a 
a 

'-£ 

•-£ 

K—  1  =0.02 

K—  1  =0.05 

K  —  1  =  0.02 

E—  1  =  0.05 

0.0 

1.00 

0.022 

0.054 

0.5 

2.00 

0.043 

0.11 

0.1 

1.11 

0.024 

0.059 

0.6 

2.50 

(I.I  151 

0.14 

0.2 

1.25 

0.027 

0.067 

0.7 

3.33 

0.072 

0.18 

0.3 

1.43 

0.031 

(1.077 

0.8 

5.00 

0.11 

0.27 

0.4 

1.67 

0.036 

0.090 

0.9 

10.00 

0.22 

0.54 

Thus  it  would  appear  that  with  a  35-inch  telescope,  for 
which  a  =  0".13,  (assuming  mean  wave-length,  X,  to  be 
5500  tenth-meters)  it  would  be  just  possible,  under  what 
has  been  assumed  to  be  the  best  attainable  conditions,  (an 
atmospheric  aberration  amounting  to  one-fourth  period  in 
the  ease  of  a  40-inch  aperture,  or  about  one-seventh  period 
for  a  35-inch),  to  perceive  on  the  uniformly  illuminated  por- 
tions of  the  lunar  and  planetary  surfaces  a  line  about  0".0029 
wide,  if  such  a  marking  were  absolutely  black,  and  to  per- 
ceive distinctly  linear  markings  0".07  wide,  which  differ 
only  10  per  cent,  from  the  adjoining  surface  in  intensity. 
These  quantities  correspond  to  actual  widths  of  about  20 
ami  500  feet  respectively  in  the  case  of  the  Moon  at  nearest 
approach  to  the  Earth  ;    and  to  widths  of  about  3000  feet 

•  iously  enough,  owing  to  the  omission  of  the  coefficient  of  one 
of  the  integrals,  (that  expressing  the  intensity  in  the  image  of  the 
line)  the  result  obtained  in  tins  investigation  is  in  reality  that,  for  a 
line  of  finite  width  upon  a  finite  surface.  The  correct  expression 
for  circular  apertures  for  the  other  case  (long  line  on  extended  but 
face)  lias  been  given  by  the  writer  in  the  paper  referred  to  at  the  be- 


and  14  miles  in  the  case  of  Mars  under  similar  circum- 
stances. 

There  is  one  other  effect  of  a  physiological  (or  psycho- 
logical) nature  which  has  to  be  taken  into  account  in  con- 
sidering the  relative  advantages  of  large  versus  small  tele- 
scopes in  the  observation  of  objects  of  finite  area.  It  is 
well  known  that  comets,  nebulas,  etc.,  especially  when  small 
and  faint,  are  seen  much  better  and  appear  much  brighter 
in  a  large  telescope  than  in  a  small  one,  in  spite  of  the 
well  known  fact  that  it  is  impossible  to  increase  the  appar- 
ent brightness  of  any  extended  object  by  instrumental 
means,  and  that  on  the  contrarj"  an  increase  in  aperture 
really  diminishes  the  contrast  between  such  objects  and  the 
telescopic  field.     It  is  also  a  well  known  fact  that  objects 

ginning  of  this  article,  and  its  bearing  upon  the  problem  of  photo- 
graphing meteor  trails,  lightning  flashes,  etc.,  pointed  out  in  a  paper, 
"On  the  Form  of  Instrument  best  adapted  for  the  Photographic 
Observation  of  Meteor  Trails,"  soon  to  be  published;  probably  in 
the  Astronomical  Journal. 
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can  be  seen  with  a  telescope  on  a  dark  night  long  after  they 
have  become  invisible  to  the  unaided  eye  (see  particularly 
paper  by  Professor  Holder  in  the  American  Journal  of 
Science,  1  SS 1 ,  which  concludes  as  follows:  "So  far  as  I 
know,  there  is  no  satisfactory  explanation  of  the  action  of 
the  ordinary  night-glass  nor  of  the  similar  effect  when 
large  apertures  are  used.")  The  explanation  of  the  latter 
phenomena,  which  is  evidently  closely  analogous  to  the 
first,  was  first  given  by  Lord  Rayleigh,  (Camb.  Phil.  Soc, 
Vol.  4,  p.  197,  March,  1882),  who  showed  that  the  question 
of  the  visibility  of  faint  objects  was  largely  one  of  appar- 
ent angular  magnitude,  i.e.,  that  a  large  object  of  given 
apparent  brightness  would  be  seen  when  a  small  one  of  the 
same  brightness  would  be  invisible.  After  detailing  certain 
experiments  which  confirm  this  theory,  the  writer  concludes, 
"  There  seems  to  be  no  doubt  that  the  explanation  is  to  be 
sought  within  the  domain  of  physiological  optics.  It  has 
occurred  to  me  as  possible  that  with  the  large  aperture  of 
the  pupil  called  into  play  in  a  dark  place,  the  focussing  may 
be  very  defective  on  account  of  aberration.  The  illumina- 
tion on  the  retina  might  then  be  readily  less  in  the  image 
of  a  small  than  in  the  image  of  a  large  object  of  equal 
'  apparent  brightness.'  "  Although  such  an  effect  would  play 
a  less  important  part  in  the  visibility  of  fine  lines  than  in 
the  case  of  surfaces,  it  would  undoubtedly  have  some  effect, 
and  in  so  far  as  it  did  it  would  make  a  large  telescope  more 
efficient  for  observing  these  markings  than  a  small  one. 

Conclusion.  It  would  appear  from  the  preceding  consid- 
erations that  from  an  optical  point  of  view  there  is  an  ad- 
vantage in  increasing  the  apertures  of  telescopes  intended 
for  visual  observations  of  planetary  detail  (in  the  nature 
of  linear  markings)  up  to  such  a  point  that  the  atmospheric 
aberration  will  amount  to  about  one-seventh  or  one-eighth 
period  under  the  best  conditions  of  observation.  Beyond 
this  point  the  efficiency  actually  falls  off,  i.e.,  further  in- 
crease in  aperture  tends  to  blot  out  faint  lines  instead  of 
increasing  their  distinctness.  The  somewhat  meagre  evi- 
dence at  present  available  would  indicate  that  an  aperture 
of  between  30  and  35  inches  is  somewhere  near  the  limit  of 
efficient  size,  or  at  any  rate  that  with  this  size  the  limit  is 
being  rapidly  approached. 

There  is,  unfortunately,  another  element  of  uncertainty 
in  planetary  observations  which  is  far  more  difficult  to  deal 
with  than  the  question  of  the  aperture  of  the  telescope  or 
the  effect  of  atmospheric  disturbance,  i.e.,  the  question  of 
personality. 

To  judge  from  some  of  the  results  that  have  recently 
been  reported  as  the  fruits  of  observation  with  compara- 
tively small  telescopes,  we  would  be  forced  to  conclude  that 
some  observers  are  able  to  distinguish  contrasts  which  differ 
by  as  little  as  one-half  of  one  per  cent.,  or  less,  instead  of  the 
two  per  cent,  usually  taken  as  fixing  the  limit  of  visibility 
Yerkes  Observatory,  ISO"  July  24. 


under  favorable  circumstances.*  Without;  commenting  upon 
this  fad  in  any  way,  it  may  be  said  that  the  advantage  of 
employing  some  agent  of  observation  less  susceptible  to  per 
sonal  peculiarities  than  the  human  eye,  will,  or  ought  to  be, 
universally  admitted.  Such  an  agent  is  the  photographic 
plate.  The  various  advantages  of  the  photographic  over 
the  eye-and-hand  method  of  delineating  the  form  and  sur- 
face markings  of  the  celestial  bodies  (on  the  score  of  accu. 

racy  alone),  have  1 n   reviewed  by  the  writer  in  another 

paper  (/'«//.  Astron.  Aug..  1897,  p.  200),  in  which  the  prob- 
lem of  planetary  photography  has  been  briefly  referred  to. 
It  appears  from  certain  investigations  on  which  I  have  been 
engaged  with  reference  to  this  problem,  that  the  limit  ot 
efficient  size  is  more  quickly  reached  in  the  photographic 
than  in  the  visual  method.  The  decreased  contrast  (in  case 
of  linear  markings)  resulting  from  using  a  smaller  aperture 
would  be  to  some  extent  counterbalanced  by  the  ability  of 
.the  photographic  plate  to  record  under  proper  conditions 
smaller  percentage  differences  of  brightness  then  can  be 
observed  with  the  eye  (the  normal  eye,  at  least)  directly. 
(Sir  William  Hu<;<;ins's  Bakerian  lecture  on  the  Solar  Corona, 
Proe.  Hoy.  Soc,  Vol.  39,  p.  108,  1884.)  And  the  satisfac- 
tion of  being  able  to  rehj  on  the  records  furnished  by  pho- 
tography will  go  far  toward  compensating  us  for  the  failure 
of  this  agency  to  record  some  of  the  fainter  details  that 
might  be  just  within  the  reach  of  the  larger  instruments, 
which  it  would  be  possible  to  employ  visually.  So  far,  it 
is  true,  photographic  methods  have  not  succeeded  in  giving 
us  anything  like  the  detail  that  is  visible  to  any  one  on  the 
planetary  surfaces  in  a  telescope  of  comparatively  small 
size.  This,  however,  is  not  in  itself  decisive  against  pho- 
tographic methods  ;  it  simply  indicates  that  the  particular 
ways  in  which  these  methods  have  been  applied  heretofore 
have  not  perhaps  been  the  ones  calculated  to  secure  the 
best  results.  "  There  seems  to  be  no  good  reason  why  we 
should  not,  under  proper  conditions,  photograph  all  or  even 
more  (on  account  of  greater  resolving  power  and  greater 
light-action)  than  we  can  ever  be  sure  we  really  see  (up  to 
a  certain  size  of  aperture  not  greater  than  12  to  15  inches), 
on  a  planetary  surface."  In  a  future  paper  I  propose  to 
indicate  a  method  of  avoiding  what  has  appeared  to  me  to 
be  the  main  cause  of  difficulty  in  planetary  photography, 
i.e.,  unsteadiness  of  the  image  during  exposure,  and  to 
describe  what  has  so  far  seemed  (a  continuation  of  the  ex- 
periments in  which  I  have  been  engaged  may  induce  me  to 
change  my  ideas  in  regard  to  some  minor  points  of  the  de- 
sign) to  be  the  most  efficient  instrumental  equipment  for 
carrying  it  out. 

*In  the  case  of  interference-fringes  the  limit  is  higher;  4  per  cent, 
of  contrast  between  adjacent  light  and  dark  portions  of  the  pat  I  cm 
being  found  necessary  in  order  to  distinguish  the  fringes  (see  experi- 
ments of  Rayi.kii.ii,  Phil.  Mag.,  June,  1880,  p.  48(5,  and  of  Michel- 
son,  Phil.  May.,  Sept.,  1892,  p.  280). 
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ON    THE   COMPANIONS   TO    VEGA, 

Bi    K.   E.   BAKNAKD. 

Prof.  S.  ii  LEBEBLE  lias  kindly  BUpplied  me  with  tlie  fol- 
lowing measures  of  the  \Yix.\"i:cKi:-star  with  tlie  36-inch  of 
the  Lick  I  fbservatorj  .  L897  July  3 :  p  =  287°.4  ,  s  =  53".2. 

The  proper  motion  of  Vega  (0".359  in  34°.3,  according  to 
Mr.  Bi  kmiwii.  has  Increased  the  distance  of  this  star  a 
couple  of  seconds,  and  diminished  the  angle  4° or  5°  since 
Prof.   1 1  u.i.'s  measures  in  1SS1. 

Prof.  II  m.i  (Wash.Obs.,  1888,  PageE  L49)  has  attributed 
the  discos  ery  of  this  star  to  M  i .  A  ndeeson  on  1881  July  2. 
This,  however,  as  I  have  said,  is  a  mistake,  for  it  was  dis- 
covered and  measured  by  Wiknecke  in  1864. 

The  new  star  was  not  known  until  found  with  the  40-inch. 
Of  course,  from  its  distance,  the  companion  doubtless  has 
no  connection  with  Vega,  and  is  only  noted  as  a  light-test. 
A  considerably  fainter  star,  however,  could  have  been  seen 
in  the  same  position  with  the  great  telescope. 


In  A, I.  412,  p.30,  Mr.  G.   Lndebson,  of  the  U.S. Naval 
note  •■Hn  the  Recently  Announce! 
panion  to  aL 

Mr.  Am'I  RSOH  seems  to  think  tin-  present  star  is  identi- 
cal with  one  "discovered  by  him  in  1881  "  with  the  26-inch 
at  Washington,  and  which  was  measured  by  Professor  Hail 
in     s  =  r.l".4S  ,  /,  =  292  .9. 

Mr.  Anderson's   star  was  discovered  by   Winnecke  in 
L864,  and  is  the  well-known  Winnw  KE-companion  to  Vega. 
h  fainter  than  the  old  SiBuvE-companion,  it  does  not 
require  a  very  powerful  telescope  to  see  it,  for  it  was  dis- 
covered with  the  Pulkowa  L5-inch.    Thepresenl  companion 
iot  have  anything  to  do  with  Winnecke's  star,  and 
is   much   fainter.      Indeed,  its   position  was  measured  with 
reference  to  Winnei  he's  companion  1 897  May28:p  =  35°.  3, 
.«  =  31".26.    According  to  a  note  made  at  the  time,  it  was  one- 
half  as  bright  as  Winnei  ke's  star.     Its  position  with  refer- 
ence to  Vega  is   p  =  312°  ,  s  =  53"  (the  measures  having 
uule  with  a  temporary  micrometer,  the  value  of  whose 
is  not  yet  accurately  determined  i, 
On  the  above  date  Winnecke's  companion  was  measured 
with  reference  to  Vega :    p  =  288°.9  .  *  =  53". 


I  take  this  occasion  to  note  that  in  A.J.  412,  p.  2S,  I  have 
interchanged  the  declinations  of  the  beginning  and  end  of 
the  meteor-trail. 

Yokes  Observatory,  Williams  Buy,   in*.,  ls:>7  Sept.  20. 


OBSERVATIONS  OF  THE   PARTIAL   SOLAR  ECLIPSE,  1897  JULY  28, 

MAliK    WITH   T Hi:   71-INCH    BEFHACTING   TELESCOPE  OF   nil     LAWS   OBSEBVATOBY    OF   THE   ONIVEBSITY   OF   MI8SOUBI,    COLUMBIA,  MO., 

Iiv  MILTON   UPDEGRAFF. 

after  the  observations  with  the  sidereal  clock.    The  observed 


Central  Mean  'nine  (90th  meridian) 

ll  in 

1st  contact  L9  25  33.7  about  2"  late;  0's  limb  very  unsteady. 
2d  contact      21    15   18.0     seeing  good. 

The  above  times,  as  computed  from  the  data  given  in  the 
American  Ephemeris,  are  19h  25m  35s.4  and  21"  45"  21  6 
respectively. 

The  observations  were  made  by  eye  and  ear.  using  a 
eter  which  was  compared  both  before  and 


times  were  reduced  to  the  Central  Mean  Times  given  above. 
The  contacts  of  the  preceding  limb  of  the  sun  with  the 
umbra  of  a  sunspot  near  the  sun's  western   limb  were  ob- 
served as  follows: 

Central  Mean  Time 

1st  contact         19  34™  9*.3 
2d  contact         19  34  36.2 


CONFIRMATIONS    OF  VARIABILITY* 

By  ROBERT   II.  WEST. 


(.DM.   -:;o\ss.-,4. 

The  variability  of  this   star,  and  the  two  following  stars, 

was  announced  by  Kaitkvn.  A.X.  3389.     Six  observations 

hen-,  b  itween  L897  March  30,  magnitude  9.15.  and  June  25, 

magnitude  9.5,  fully  confirm,  and   indicate  a  maximum  of 

1897  Maj  21. 

C.DM.  -2312676. 
•is  show  a  decrease  in  light  from  l(iu.O 


On  Augu-t  25,  tie-  magni- 


*The  confirmation  here  given  by  Mr.  West,  of  these   three  variables  discovered  by  Mr.  Ixxes,  permits  the  followin 
be  assigned  : 


1897  May   1    to   HP'.l  June  25. 
fcude  was  observed  to  be  9.35. 

C.DM.  -30°18609. 
This  star  has  been  observed  here  but  t  wice,  1897  dune  :;<>, 
magnitude   9.7,   and    Augu-4    25,   magnitude   7.S.   but   these 
two  observations   leave   no   room  for  doubt  as  to  its  varia- 
bility. 

Syrian  Protestant  College,  Beirut,  Syria,  1S97  August  26. 

notation  to 


Cord.  DM.  — 38°8854     =  493:,  RT  Centauri  ; 
"     _23°12676  =  5752  1:7.  - 
"        "     — 30°18609  =  7685  S  Microscopii 


(1900) 


13  42  30  —36  21.8; 
15  5S  37  —23  49.5 
21  20  48  —30  17.0 


(1S55) 


13  39  53  —36  8.2 

i:.  :,:,  sr,  —s.:  4i.s 
21  IS  7  —30  28.5 
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OBSERVATIONS   OF   SOUTHERN  VARIABLE   STARS, 

By  ROBERT    II.  WEST. 


62.  S  Sculptoris. 
Fourteen  observations,  from  August  2  to  1897  January  23, 
give  a  maximum  of  (>M.l  for  L896  November  13.  When  first 
observed  its  brightness  was  9*.9.  This  of  itself  seemed  in- 
consistent with  Hartwig's  period  of  183  days,  but  to  fur- 
ther test  the  question  an  observation  was  made  1  s<)7  June 
30,  when  the  star  was  found  to  be  two  steps  fainter  than 
the  tenth  magnitude  star  C.DM.  — 32°65.  Hence  Pickee- 
ix«;'s  period  of  366  days,  as  given  in  the  Revised  Supple- 
ment of  the  Second  Catalogue,  is  undoubtedly  correct. 

146.     T  Sculptoris. 

I  have  16  observations  of  this  star  between  1896  August 
2  and  1897  Feb.  7.  A  well-defined  minimum,  10M.8,  was 
passed  1896  November  10.  The  last  observation,  7". 95, 
was  evidently  near  the  time  of  maximum,  but  no  observa- 
tions could  be  made  during  the  preceding  fortnight,  owing 
to  bad  weather,  and  it  is  impossible  to  tell  whether  the 
maximum  had  passed  at  that  time  or  not.  A  period  of 
about  200  days  is  indicated  by  my  observations  combined 
with  those  of  Cordoba. 

869.     B  Fornacis. 
Ten  observations,  from  1896  October  28  to  1897  February 
27,  show  a  steady  increase  from  10M.5   to  8M.9.     A  pro- 
visional period  of  410  days  is  suggested. 

1357.      U  Eridani. 
When  first  observed,  1896  Dec.  23,  this  star  was  13M.5, 
and  it  increased  in  brightness  to  SM.4  when  last  observed, 
1897  March  30,  with  no  indication  that  maximum  had  been 
reached. 

1386.      T  Eridani. 
Thirteen  observations,  from   1896  December  9  to  1897 
March  26,  give  a  fairly  satisfactory  minimum  of  11M.0  for 
1897  February  27. 

1662.     R  Cadi. 
This  star  was  observed  9  times,  from  1896  December  9  to 
1897  March  15,  during  which  time  it  increased  from  <11".5 
to  10".  1. 

1894.      T  Columbae. 
Ten  observations,  from  1897  Januarys  to  April  8,  yield  a 
maximum  7". 7  for  1897  February  18,  which   is  76    days 
later  than  the  maximum  obtained  from  the  elements  given 
in  the  Third  Catalogue. 

2059.     S  Columbae. 
The  brightness  of  this  star  diminished,  at  first  rapidly 
and  then  more  slowly,  from  9". 8,  1897  January  8,  to  <11".3 
March  30.     There  are  9  observations.     A  comparison  with 

Syrian  Protestant  College,  Beirut,  Syria,  1897  August  25. 


the   observations   of   last    year    indicates    thai    the    period  is 
probably  about  200  days. 

2080.     R  Columbae. 

This  star  was  observed  11  times  between  1895  December 
26  and  1896  March  18,  during  which  time  its  lighl  de- 
creased from  9".6  to  <12M.0;  also  8  times  between  is;»7 
January  8  and  March  30,  when  it  decreased  from  10". 7  to 
<  12". ((.  IIaktwio's  elements  in  the  Third  <  latalogue  \\  ould 
call  for  maxima  on  1896  May  2  and  1897  March  26,  and 
therefore  need  correction.  A  period  of  340  days  is  sug- 
gested. 

2776.      WPuppis. 

Ten  observations,  from  1897  January  14  to  April  21,  yield 
a  well-defined  maximum  of  7". 75  for  1897  March  1.  This, 
in  connection  with  the  maximum  of  1896  March  6,  would 
indicate  a  period  of  360  days,  or  some  fraction  of  that 
number. 

3244.     S  Tyxidis. 

From  1897  February  25,  the  brightness  of  this  star  in- 
creased from  10". 4  to  a  maximum  of  8". 35,  1897  May  4, 
and  then  decreased  from  9".l,  June  4.  The  observations 
are  11  in  number.  A  period  of  213  days  is  consistent  with 
the  observations  here  and  at  Cordoba,  and  hence  the  follow- 
ing provisional  elements  are  suggested: 

1887  January  27  =  J 2410300  +  213  ?  E. 

4225.     X  Centauri. 
Observations  began  1897  February  27  at  or  near  maxi- 
mum, 7". 5.     When  last  observed,  May  22,  the  brightness 
had  decreased  to  10". 0. 

8622.  W  Ceti. 
This  star  was  observed  12  times  from  1895  November  8 
to  1896  February  10,  during  which  time  its  brightness  in- 
creased from  12".0  to  7 ".9,  with  no  indication  that  the 
maximum  had  been  reached.  It  was  also  observed  1896 
August  2,  as  11". 7,  and  10  times  from  October  7  to  1897 
February  6,  the  brightness  increasing  from  10". 5  to  7M.95, 
again  with  no  indication  that  the  maximum  had  been 
reached.  The  observations  for  1896  December  15,  Decem- 
ber 23,  1897  Januarys,  January  18,  were  8". 65,  8". 35, 8". 45, 
8". 55  respectively,  which  indicates  a  slight  secondary  max- 
imum, or  a  marked  "stand-still."  This  is  confirmed  by 
the  observations  of  Mr.  H.  M.  Paekhuest  (A.J.  400),  who 
has,  however,  interpreted  them  as  giving  the  main  maximum 
for  1897  January  3.  The  light  curve  this  year  gives  the 
appearance  of  a  delayed  maximum,  and  there  is  perhaps 
no  reason  to  change  Paul's  elements  as  given  in  the  Third 
Catalogue,  further  than  to  put  the  epoch  later  and  give  a 
brighter   maximum. 


is 
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O  BSE  I J  V  A  Tin  N  S  OF    CHALDAEA  (313) , 

MAHE  AT  THE  BATBE  OBSEBVATOBY,  80.  BETHLEHEM, 

Bi    JOHN    II.  OGBURN. 


is:i7  Bethlehem  M.T. 
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n9.487 

0.777 

3    lo   LO   19 

•  ' 

5  .  •', 

+0  30.26 

+  .-.  r.l.o 

1  t  6  32.37 

-2  45   L6.8 

«9.510 

0.771 

:■•     Ills     1 

:: 

5,7 

-0  58.17 

+  5  12.8 

11  6  30.37 

-2  44  44.9 

«9.."52 

o.TTS 

Mean  Places  for  1S9T.0  of  Comparison- Stars. 


* 

a 

Iii-il.  i" 
app.  place 

8 

Red.  i" 
app.  place 

Authority 

1 

•> 

.-; 

1  i"  s"  \  ['.::::          +-2?70 
1  l  5  59.38           +2.73 
14  7  25.81            +2.73 

-3  16     9.2 

-2  50  48.2 
-2  49  38.1 

-19.4 
-19.6 
-19.6 

Brussels  5479 
Brussels  .~>7.'!4 
1  (Cincinnati  +  Gould  19275  + Brussels  5744) 

Adopted  proper  motion  for  3fc:j,     /i  =  — O.012S,     /x'  =  — 0V284,     has  been  applied. 


A    Ni:\Y    STAR   IN   THE   NEBULA   OF    OIIIOJV, 

By  P.  P.  LEAVENWORTH. 


A  new  star  has  appeared  in  the  nebula  of  Orion,  as  shown 
by  three  photographs  taken  al  this  observatory  on  Sept.  22, 
L'o.     It  is  found  on  the  southern  edge  of  the  nebu- 
lous mass  G,  and  in  line  with  the  south  preceding  edge  of 
//.       See  index-map,  Publ.  McCormich  Observatory,  Vol.  I, 

Minm  sota,  1897  Sept.  27. 


pari  3,  p.  II:  or  Holden's  Monograph  oi  Nebula  of  Orion, 
page  9.]  In  brightness  it  is  about  equal  to  star  671,  or  11 ". 
On  a  plate  taken  1897  'Tan.  25,  the  star  is  not  visible,  al- 
though star  676,  of  13M,  is  distinctly  shown.     <Mi   Feb.  24 

it  was  uf  about  the  same  brightness  as  676. 


NEW  ASTRONOMICAL    WORKS. 


.1.  Si  hi  [NEE  :   Die  Plwt.  ■      tirtu   is  a  work  which 

presents  the  subject  of  Celestial  Photography  as  an  exact  branch  of 
Astronomy.  The  four  chapters  of  Part  I  are  devoted  to  the  tech- 
nique and  ili«'  optical  principles;  to  the  instruments  employed;  to 
the  methods  of  measurement  and  reduction  of  photographic  plates 
(with  extensive  developments  of  formulas,  extracted  chiefij  from  the 
i  m  i  be  \-i  rographic  I  bart  i ;  and  to  the 
photographic  methods  of  registration.  Part  1 1  (pp.  210-256)  discusses 
photographic  photometry  and  the  genesis  of  photographic  images. 
Part  III  (pp.  2  ■  and  achievements  of  celestial 

photography,  dealing  successivelj  with  the  principal  objects.  A 
bibliography  i>  added  to  the  volume,  which  is  accompanied  by  a 
separately  bound  atlas  containing  eleven  admirable  heliogravures  of 
it  specimens  of  celestial  photographs  obtained  at  various  obser- 
vatories. E,  IS.  F. 


Die  Photometrie  der  Gestirne. 
1897. 


Prof.   Dr.  (i.  Mt'r.i.Ki:.     Leipzig 


An  important  gap  in  astronomical  literature  has  at  last  been  filled 
1>\  this  general  handbook  of  celestial  photometry.  The  whole  work, 
of  556  pages,  is  divided  into  three  sections:  of  which  the  first 
(pp.3  114)   Is   devoted  to  theoretical   astrophotometry,   the  second 


(pp.  147-304)  to  photometric  apparatus,  and  the  third  (pp.  307-610) 
to  the  results  of  photometric  observation.  An  appendix  (pp.  511-545) 
contains  tables  and  a  bibliography. 

The  first,  or  theoretical  portion,  is  comprised  in  three  chapters, 
relating,  respectively,  to  the  fundamental  theorems  of  the  subject, 
their  application  tn  the  nmst  important  problems  of  celestial  photo- 
metry, and  the  extinction  of  light  in  the  earth's  atmosphere.  The 
results  of  modern  theoretical  inquiry,  especially  Seeligeb's,  are 
fully  and  systematically  presented. 

In  the  second  section  the  first  two  chapters  are  occupied  with  the 
description  of  the  various  photometers  based  on  the  principle  of  the 
extinction  or  of  the  equalization  of  the  optica]  images  ;  the  third 
chapter,  with  the  various  forms  of  spectral  photometers  ;  and  a 
fourth  chapter  is  devoted  to  the  instrumental  methods  of  investigating 
thermic  and  chemical  radiations,  including  the  use  of  photography 
as  a  photometric  agent. 

Finally,  in  the  third  section  there  are  given,  in  five  chapters,  the 
photometric  results  reached  by  various  observers  »  Ith  respect  to  the 
sun,  the  moon,  the  planets  and  their  satellites,  the  comets  and  neb- 
ulas, and  the  fixed  stars.  The  last  mentioned  Chapter  is  naturally 
by  far  the  most  extensive,  relating  principally  to  that  most  fruitful 
of  all  the  subjects  of  application  of  celestial  photometry,  the  variable 
stars.  C. 


CONTEXTS. 
On  the  Effect  of  the  Sizi  "i  ah  Objei  rivi   on  rHE  Visibility  ofLineab  Makkixcs  ox  the  Planets,  by  F.  L.  O.  Wadswokth. 
Oh  the  Companions  to  Vega,  by  K.  E.  Babnabd. 
Obsebvations  of  the  Pabtial  Solas  Eclipse,  1897  Jri.v  28,  r.v  Milton  Updegbaff. 

sts  "i    Variability,  >■•<    Robeei   II.  West. 
Obseba  5oi  iiukn  Vabiable  Stabs,   by  Robebt  H.  West. 

•  ■I   Chaldaea  (313),  by  John  II.  Ogbi  bh. 
\   \  i  a  si  .k  in   iiit    Nebula  oi  Obion,  by  F.  1'.  Leavenwobth. 
New  Astbonomical  Works. 
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NOTES   ON   VARIABLE   STARS,  — No.  20, 

By   HENRY   M.    PARKHUEST. 


Diffraction.  Upon  reinvestigation  of  the  effect  of  diffrac- 
tion upon  aperture,  by  means  of  observations  through  a  grat- 
ing placed  over  the  object-glass,  I  have  found  it  to  be 
inappreciable.  (See  Annals  If. CO.,  XVIII,  31.)  Conse- 
quently, on  -Tuly  7,  1897,  I  substituted  new  logarithmic 
caps,  makiug  no  allowance  for  diffraction.  In  most  cases 
the  difference  of  scale  in  the  observation  of  variable  stars 
will  be  much  less  than  the  error  of  observation. 

Factors.  When  a  long  interruption  occurs,  with  a  small 
tabular  factor  (see  A.J.  no.  400),  it  may  be  necessary  to 
correct  the  factor  to  correspond  with  the  arc  interpolated. 
The  most  convenient  test  has  been  to  compare  the  magni- 
tudes of  the  last  smoothing  with  the  magnitudes  corre- 
sponding to  similar  dates  before  smoothing ;  for  if  the 
correction  has  been  excessive  it  will  make  all  the  numbers 
too  small,  and  the  factor  should  be  increased.     In  extreme 


cases,  as  in  the  reduction  of  7792,  one-half  bhe  usual  arc 
may  be  employed,  interpolating  the  mean  between  each  01 
any  two  observations,  preparatory  to  smoothing  the  curve 
This  reduces  the  corrections  for  curvature  to  one-fourth. 

R  Comae.  In  copying  the  elements  for  A.J.  384,  the 
epoch  was  made  7  days  too  late ;  it  should  have  been 
2389885.9.  The  period  has  shortened  0d.6  each  year  since 
1894. 

Y  Boot  is.  The  comparisons  are  with  the  elements  in 
A.J.  384.  The  suggestion  in  A.J.  329,  that  some  of  the 
transits  are  partial  or  entirely  missed,  is  supported  by  the 
observations  of  June  19,  contrasted  with  the  repeated 
failures  during  the  two  preceding  years  to  recognize  any 
decided  minimum.  The  observations  of  Aug.  17  and  30,  as 
indicated  by  the  semicolons,  were  made  with  a  sky  too 
cloudy  for  reliance,  yet  tend  to  confirm  this  suggestion. 


Results  ok  Observation's. 


Observed  Date 

No. 

Star 

Phase 

E 

Corr. 

W 

Mag. 

Julian 

Calendar 

1897 

4315 

R  Obmae 

Max. 

4141.2 

Aug.    4 

67 

-0.3 

9 

8.57 

0.15 

0.13 

4 

See  note  above 

4377 

T  Virginia 

Max. 

4132 

July  26 

39 

- 

E 

- 

- 

- 

- 

Mas.  Inst  in  twilight 

4492 

Y  Virqinis 

Max. 

Ill's 

July  22 

21 

-  3 

1 

- 

- 

- 

- 

Estimated  from  light-curve 

4521 

U  Virginia 

Max. 

4068 

May  23 

221 

+   1 

9p 

<;.s 

1.0 

0.8 

15 

4573 

1!  U  Virqinis* 

.Mm. 

3978 

June    2 

1 

- 

E 

11.8] 

_ 

_ 

_ 

See  note  below 

« 

a 

Max. 

4206 

Oct.     8 

1 

- 

E 

_ 

_ 

_ 

_ 

"       "        " 

4596 

U  Virginis 

Min. 

1017 

May     2 

55 

—28 

5 

12.4 

_ 

_ 

_ 

4731 

S  Canes  Venat. 

_ 

_ 

_ 

- 

p 

_ 

_ 

_ 

_ 

Comp.stars  fluctuate 

4826 

R  Hydrae 

Max. 

4036.5 

Apr.  21 

5 

+    2 

9 

4.32 

0.17 

0.26 

4 

" 

a 

.Max.  A 

4041 

Apr.  26 

5 

+   7 

4p 

4.1 

_ 

_ 

_ 

■-< 

u 

Max.  B 

4059 

May  14 

5 

+  2:. 

4i> 

4.1 

_ 

- 

_ 

4847 

S  Virginis 

Max. 

4083 

June    7 

44 

0 

9 

7.73 

0.49 

0.61 

25 

.sec  Qote  below 

4896 

T  Centanri 

Max. 

4075 

May  29 

8 

-  8 

6p 

_ 

_ 

_ 

_ 

Gould's  magnitudes 

4948 

R  Canes  Venat. 

Max. 

4063 

May  18 

10 

-35 

9 

7.35 

1.03 

0.76 

31 

Perhaps  lost  in  3S4 

5144 

Y  Boot  is 

Min. 

4068.567 

May  23 

430 

-0.034 

2 

- 

_ 

_ 

_ 

See  note  above 

" 

« 

Min. 

4094.652 

June  18 

440 

+  0.005 

(i 

_ 

— 

_ 

_ 

" 

C( 

Min. 

4154.556 

Aug.  17 

463 

+0.003 

0 

_ 

_ 

_ 

_ 

" 

It 

Min. 

4167.560 

Aug.  30 

468 

-0.016 

2 

- 

- 

- 

- 

5174 

RS  Virqinis 

Max. 

4023 

Apr.     8 

7 

—   1 

5 

7.44 

- 

- 

- 

Double  max.  uncertain 

5194 

V  Boot  is 

Max. 

4051 

May     6 

18 

+  24 

9 

7.66 

0.83 

0.71 

22 

Much  fluctuation 

*  The  variability  of   this   star,  discovered   by  Roy,  was   sufficiently  demonstrated  by  his  observations,  given  in  A.J.  XVII,  p.  110. 
Bvit  the  definitive  notation  was  withheld  until  confirmation,  which  is  now  furnished  by  PAiiKiirnsT.     We  have  accordingly, 
4573  RU  Virginis  ;        (1900)  121'  42"'  13s     ,     +4°  41'.5 ;         (1855)  12'>  39"'  56s     ,     +4°  56'.3.     Ed. 

(49) 
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N0'  II.-. 


( ibserved  Date 

Xo. 

Star 

Phase 

Julian 

Calendar 

1. 

«  '..IT. 

w 

Mag. 

Factors 

Remarks 

5194 

V  Booth 

Min. 

1173 

Sept.    S 

19 

-13 

9 

L0.28 

L.38   L.16 

39 

5237 

I;  Bootis 

Max. 

H33.1 

.luK  27 

64 

-  3 

9 

7.85 

0.85  0.69 

24 

5249 

V  Librae 

Min. 

4079 

June   •"■ 

25 

- 

E 

- 

- 

- 

i  onslatent  » ith  period  in  388 

3 

i   Bootis 

Min. 

4073 

May  28 

36 

+21 

'.i 

11.98 

2.00   L.10 

II 

u 

Max. 

H20 

.luU    1  1 

36 

_•>- 

9 

L0.68 

0.87   L.04 

46 

5405 

RTLibrae 

Mux. 

4076 

May  31 

- 

- 

2 

- 

- 

- 

Probably  earlier.     Period  800? 

5494 

S  Librae 

Max. 

11-..". 

i.ug.  L6 

II 

- 

h! 

- 

;..-.m 

S  Serpentis 

Max. 

11  i:..ii 

July    9 

69 

+29 

9 

s.77    0.50  0.30 

7 

a 

.. 

Max. 

4115.5 

July    9 

69 

+29 

9p 

8.67    0.99  0.95 

36 

Entirely  independent 

.V.11 

RS  Librae 

Mas 

1058 

Mas    13 

l:: 

-  5 

4 

8.2 

- 

Subtangent  method 

5583 

X  Librae 

Max. 

1062 

May   17 

11' 

+  S 

4 

11.:.      0.7     0.7 

— 

From  Rot's  observations,   A.  J.  398,  1  deduce  by  the  subtangent  process  for  a  first  approximation,  3751+455 E,   with  whirl, 
my  observations  are  consistent. 

i- IT.     Pesky  later;  perhaps  a  second  max.  about  July  2. 


l\|,l\  I  I.i    LL    t  IBSERVATIONS. 
in. ■in. lii.  t  .  >b  en  atlons  bj    \i;i,m  b  C    Perky. 


1 : :  1 .".  /.'  ( 

Continued  ti>.>„  38*0 
Julian     Calendar      Ma 

4122.6  Julj    L6 


U25.6 

H28.6 

4136.5 

U37.6 

H38.5    \ 

4139.5 

II  in.:. 

4141.5 

4142.5 

11  13.5 

4144.5 

4145.5 

II  18.5 

II  19.5 

U51.5 


l-.i 
.... 

30 

:;i 
1 


8 

11 

14 


i.-.l'l   /,'  Virginix.  Cont.  I~;;l  S  Canes  Venatici 

Julian    Calendar  Mag.  Julian  Calendar      Mag. 

1-..T  1897 

6  7.si-  1037.6  Apt.   22 

8  6.9p  1045.6  30 

18  6.8p  1051.6  May     6 

19  6.9r  4063.6  IS 


1051.6   Mai 

in.-.:;  .6 
9.42,  1063.6 
9.00s  1064.6 
9.08  1067.6 
8    1070.6 

1074.6 

IO70.  6 


8.84 

8.75c 

8.57 

8.28; 

v  84 

8.84 

8.73 

8.98 

S.77 

9.11 

9.12 


1091.6  June  15 
1097.6 


1573  RU  Virginis. 

ISO! 

1005.6  Mar.  21 


i:;77  T  Virginis. 

nueil  from  356.) 

IO71.0  May  26  12.0] 

1094.6  June  is  11.7] 

1096.6  20  12.0]p 

H02.6  26  11.7 

holm;  26  12.0f 

1492   F  Virginis. 

nued  from  384.) 

1--J7 

W67.6   May  22  l  -  - 

1094.6  June  Is  12.1 

ln;i7.  o  21  ll.:;> 

23  L2.1 

H02.6  26  ll.o.i- 

U06.6  30  lo.  is 


1521   /,'  Virginis. 

1037.6  A,  i.  22      9.3p 

4044.7  29 
1045.6            30 


22 

6.8p 

25 

6.8p 

29 

6.9p 

31 

6.9p 

17. 

7. On- 

21 

S.l'i- 

1010.5 
lo  10.0  A.pr. 
4018.5 
1034.6 
1045.6 
1051.6  May 

loo  1.0, 

1076.7 

1096.6  .Tune  20 

H21.6  July    17. 

1136.6  30 


11.4] 

11.8 

11.4 

11 

11.15. 

11.1 

10.9 

10.00 

10.78, 
10.5 
L0.4 
L0.2 


1076.6  31 

1094.6  June  18 
4102.6  26 


9.5p 
9.4p 
9.4p 
9.4p 

'.1.7.1- 

9.4p 
9.3p 


4826  R  Hydrae. 

(Continued  from  326.) 


4017.6    Apr.  2 

1018.6  3 

4010.7  Mar.  26 
4014.7  30 
4027.6  Apr.  12 


1826  R Hydrae.- Cont. 
Julian    Calendar      Mag. 


lo,  7.o.  June 
4078.5 

I  OSS. 7, 

1091.6 
1096.6 
U02.6 


H21.6  July  15 


3.48; 
1.11. 
1.80, 
7.1  U- 
5.3p 
5.3p 
5.6p 


is  17  S  Virginis. 

(Cont.from384.  Comp.StarsS84) 

-  , ,  •  ■  i  *■■■- 

'!■',-  1027.6  Apr.   12 
''-•     1036.5  21 

'    lo.-.o.o  May 
1 07, 1.0 


0.0,1 

5.59, 


1596  U  Virginis. 


(Continued  from  384.) 

1005.6    Mar.   21 

1010.5  26 

1016.6  Apr.  1 
mis. .-,  3 
1034.6  19 
1045.6  30 
1051.6  May  6 

8.6p    1064.6  19 

s.li-   1076.7  31 


401' 7  0 
fa  4032.6 

4032.6 

1034.6 

4034.6 

4035.6 

4036.6 

1037.6 

4037.6 

1038.6 

4039.6 

loin. 0 

1044.6 

1044.6 
10.8  4045.6 
11.1  4051.6  May 
11.7  1053.6 
11.43.  1063.6 
11.72J  1064.6 
12.4  400,7.0 
L2.0]  lo7o. 0 
11.85  1074.6 
ll.i:;,  1076.6 


12 

5.2 1- 

17 

4.49, 

17 

.-..oi- 

19 

1.58, 

19 

4.7p 

20 

4.13. 

21 

4.53. 

22 

1.09. 

22 

I.li- 

23 

1.17 

24 

4.71 

25 

7..71, 

29 

1.75 

29 

1.3p 

30 

l.h- 

6 

1.7,1- 

8 

l.1i- 

18 

4.2p 

19 

1.3p 

22 

1.3p 

25 

1.3p 

29 

1.3p 

31 

1.3p 

6 

8 

15 

10 
22 
25 
31 
31 


1053.6 
1060.6 

loo  l.o 
1067.6 
IO7O.0 
1070. 0, 
1076.6 
1087.6  June  11 
loss.o,  12 

1089.6  13 

1091.6  15 

1094.6  is 

1102.6  26 

1128.6  July   22 
11  10.6  An-.     3 


10.7,1, 
lo.  10 
10.22, 
9.3p 
9.3p 
9.25, 


8.6p 
8.01 
8.3p 

8.09, 

7.00,;. 

7.70., 
7.:;.- 
7..3P 

7.7r 

S. Ol- 


io is  /,'  ( 'anes  Venatici. 

(Continued  fro 
Julian    Calendar      Mag. 

12 


Apr. 


1027.5 

1031.5 

1032.5 

1033.5 

1034.5 

1034.6 

1037.6 

4038.6 

1044.5 

1045.6 

4050.5  May 

4051.6 

1060.6 

4oo;;. o 

4066.6 

[«>7n.  6 

IO71.0, 

1076.6 


10 

17 
18 
19 
19 
22 
23 
29 
30 
5 
6 
15 
18 
21 
25 
26 
31 


1087.6  June  11 


loss.o, 
1094.6 
1007. 0, 
1097.6 
1102.6 
1106.6 
4115.6 
4116.6 
4136.6 
117,1.0 


July 


1896  /'  ' 

IBS! 

looi.o  Maj    19 
Hio.7. o  22 

107  l.o,  29 

loo  l.o  June  18 
1098.6  22 


0.7Oi- 
6.47p 
6.35p 
6.70p 
6.82p 


12 
18 
21 
21 
26 
30 
9 
10 


A,.-..  14 


8.58, 
9.28, 
8.46, 
8.47, 
8.39, 
8.9p 

S.l'i- 
7.0  I, 

7.68, 
7.2p 

7.0,7... 
7.7.1-" 
7.12, 
7.7,r 
7.17.. 
7.1i- 
7.82, 
7.6p 
8.18, 
8.02, 
8.3p 
8.31, 
8.6p 
s.s,. 
8.59, 
8.86, 
8  66 

0.0,1- 

10.20, 


7,1  I  I    V  Bootis. 
(Continued  from  3M.) 

loos. 77,7  May  23  7.o:;, 

.7,0,7  7.91,; 

.585  7.0O; 

1094.569  Junel8  7.48 

.609  8.40, 

.0  17  8.50, 

.o.oo  8.38., 
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,-,111    y  Bootis- 

Cont. 

5194 

Julian     Calendar 

Mag. 

Julian 

4154.531  Aug.  17 

7.8!)., 

4051.6 

.555 

8.51; 

4052.6 

,576 

7.62; 

1053.6 

.583 

7.SS,, 

1053.6 

4167.523  Aug.30 

7.886; 

4060.6 

.575 

8.56  : 

4063.6 

.604 

7.65; 

4064.6 

/   Bootis. 
Calendar 

May"   6 

7 

8 

s 

15 

;  is 

i  1!) 


r>174  US  Virginis. 

(Continued  from  384  ) 

lS'.IT 

4014.6    Mar. 

4ot<;.<;  \ in-. 

4017.1) 
4026.6 
4027.6 

4032.6 
4035.6 
4038.5 

5194  II Soot  is. 

(Cont.from 388.  Comp.Star3  333, 

1WI7 

4010.(1  Mar.  26 


30 

8.0 

1 

7.74. 

o 

7.52. 

11 

7.41 

12 

7.99, 

17 

7.7'.). 

20 

8.26s 

23 

8.33, 

4014.6 

mi  i.e. 

4016.6  Apr. 

4016.6 

4017.0 

4018.6 

4026.6 

4027.6 

4031.5 

4032.6 

4034.6 

4035.5 

4044.5 

4044.7 

4045.6 


S.Ip 

7.5 

8.0p 

7.90„ 

8.0  p" 

8.03., 

7.SS 

8.34; 

7.78. 

7-79] 

8.0p 

8.0p 

7.92. 

7.83 

7.9p 

7.9  p 


4070.6 
4074.6 
4076.6 
4094.6 
4097.6 
4102.6 
4139.6 
II  10.6 
4151.5 
1161.5 
4171.5 
4182.5 
4192.5 
4200.5 
4201.5 


29 
31 
June  IS 
21 
26 


An''. 


Sept. 


Oct. 


-Cont. 
Mag. 

8.0p 
7.59a 

8.1pS 

7.91., 
7.91., 
S.Ip 
8.2p 
S.-I7.. 
8.1p 
8.4 1- 
8.8p 
9.022 

10.0(1, 

9.97„ 

lo.os 
10.03., 
10.56 
10.31, 

10.03. 
9.82„ 

9.4S, 


5237  R  Bootis.- 
Julian    Calendar 


5237  R  Bootis. 


(Cont.from 388.  Comp.S tars 333) 
1S97 

4027.6  Apr.    12 
4052.6  May 


4064.6 

4070.6 

IO70. ('. 

4094.7 

4097.7 

4099.0 

4102.0 

41O0.0 

4113.6  July 

4115.6 


19 
25 
31 
June  18 
21 
23 
26 
30 


11] 
12.5 
11.2P 
11.1 1 

IO.Op 
8.7p 

s..-.p 
8.86., 
8.4p" 
S.59 
8.27 
8.1p 


July 


4121.5 

4121.6 

U22.6 

1128.6 

4136.6 

4138.6  Aug. 

II  12.5 

4142.6 

4148.5 

4151.0 

4157.6 

H63.6 

4108.6 


Cont. 
Mag. 

7. 85, 
8.3p 
8.23, 
7.9:;.' 
8.2p 
7.9.-!. 
8.03! 
8.2p 
8.42, 
s.ll, 
8.5p 
8.5p 
S.7p 


5338  U  Bootis.  -  Cont. 
Julian    Calendar      Mag. 

18117 


4142.6  Aus 
11  12.0 
II  19.6 
4157.6 
4101.5 
4102.5 
4163.6 


51' 19  I' Librae. 

(Cont.  from  388.  Comp.  Stars  388) 

1S07 

4012.7  Mch.  28  to 
4094.6  June  18      13.0] 
5  dates 


5338  U Bootis. 

(Continued  from  33S.) 

1897 

4034.6  Apr.  19  11.68. 

4037.6     22  11.24 

4044.6     29  11.96 

4051.6  May  6  11.7 

4052.6      7  11.74., 

4067.6     22  12.03" 

4076.6     31  11.90; 

1094.6  June  18  11.00. 

4097.6     21  11.531 

4099.6     23  11.30s 

4125.6  July  19  10.45," 

4128.6     22  11.2p 

4136.6     30  IO.Sp 

4138.6  Aug.  1  11.33, 

4140.6      3  11.3p 


26 


11.07, 

L1.2p 

11.43, 

L1.9p 

12.0 

11.86. 

11.7]. 


5IU5  RT Librae. 

(Continued  from  888.) 

ism 

4003.6  May    18 


4071.6 
4074.6 
4077.6  June 

10:111. 1; 
4091.0 
1098.6 
4102.6 
4113.6  July 


8.5 

8.96, 

8.84, 

8.8a 

9.1 

9.86. 
10.2 
10.3 
11.8 


5501  S 

.Julian 

1094.6 
4097.6 
1097.6 
H02.6 

4102.0 
41o:i.O 
4108.6 
4109.0 
4110.6 
4113.0 
4114.0 
1115.0 

4115.6 

1110.0 
4121.0 
4121.0 
4122.6 
4136.6 

II  12.6 
4157.6 


5494  S  Librae. 

(Continued  from  35fi.) 

lS'.IT 

4128.6  July  22 
4140.0  Aug.  3 
4157.5  20 
4165.5     28 


8.8p 
8.9p 
8.9p 

S.Sp 


5501  S  Serpent  is. 

(Cont.from 388.  Comp. Stars 3 


4027.6  Apr.    12 

4037.6 

4050.6  May 

4053.6 

4064.6 

4007.6 

4070.6 

4076.6 

4076.6 


11] 
11.2 
10.9.S 
1 1.. ■ti- 
ll.2p 
10.9 
IO.Op 
11.19, 
10.7p 


Serpentis. 
Calendar 

1897 

June  IS 

21 

21 

26 

26 

27 

July     2 

3 

4 

7 

8 

9 

(.i 

lo 

15 

15 

10 

30 


All? 


20 


—  Cont. 
Mag. 

9.2p 
9.35a 

9.(ip 
9.29,. 
8.7p 
9.0S.. 

8.91 . 
8.732 
8.93s 
8.83 
8.64J 
8.888 
8.7p 
8.73.. 
9.12, 
9.0  p" 

9.24 , 
9.3p 

9.4 1  • 
9.7p 


5511  RS  Librae. 

(Cont.from  388.  Comp  stars  : 


4052.6  May      7 

8.1  8„ 

4064.6              19 

S.19., 

4071.6              20 

8.04., 

4077.6  June    1 

8.652 

4091.6             15 

I0.O7.. 

4CfeS.6             22 

10.3 

4102.6             20 

10.31a 

4113.6  July     7 

11.1 

5583  X  Librae. 

(Continued  from 

35B) 

4052.6  May     7  11.7 

4004.7  19  11.5 
4074.7  29  11.8 
4094.6  June  18  12.8 


Comparisox-Stars. 


4315  R  Comae. 

4492  Y  V 

Irginis. 

4948  R  Canes  Venat 

iii. 

5338  U  Bootis. 

1S93-1S97 

1893-1897. 

1893-1897 

1893-1897 

Star          DM. 

Mag. 

n 

Star 

DM. 

Man. 

» 

Star          DM. 

Mag. 

n 

Star          DM. 

Mag. 

n 

D  +20°2664 

7.32 

6M 

/ 

-3°3313 

7. 48 

1 

C   +41°2434 

0.87 

S 

G   +18°2951 

7.74 

1J/ 

F  +19°2526 

7.82 

26M 

Q 

-3°3315 

9.00 

4 

D  +40°2701 

7.77 

10.1/ 

H  +18°2948 

8.49 

2.1/ 

11  +20°2683 

7.86 

1 1 M 

V 

-:;  :;:;i  I 

9.86 

20 

/  +40270:; 

8.82 

17 

I  +ls  2955 

S.07 

2.1/ 

L   +20°2676 

8.72 

23 

w 

-3°3312 

10.10 

19 

P  +4(i:2700 

9.52 

11 

N  +18°2949 

8.97 

0 

P   +  20°2670 

8.90 

21M 

Y 

-3°3318 

10.36 

5 

Q  +39°2675 

9.30 

0.1/ 

X  +18°2952 

10.04 

25 

R  +  19°2524 

9.36 

8 

1Y 

-3°3320 

10.89 

1 

S  +40°2695 

9.41 

23M 

Y  +18°2947 

10.01 

10 

2R   +20°2678 

9.62 

6 

Z 

-3°3317 

10.15 

4 

T  -t-39°26S5 

9.83 

17/17 

Z  +18°2950 

10.90 

27 

3R   +20°2686 

9.33 

2 

\z 

-3°3319 

10.43 

5 

U  +40°2691 

9.S7 

10 

\Z  +18°2954 

10.83 

11 

T  +  20°2679 

9.06 

6 

a 

lp         U 

10.51 

20 

\U  +40°2699 

9.78 

7 

'1Z  +1S°2953 

10.75 

6 

\U  +19°2525 

10.11 

3 

c 

4s5p      d 

11.31 

3 

\V  +40°2690 

10.11 

6 

f  5s            V 

11.63 

20 

X  +  19°2529 

10.12 

3 

d 

12s5/  W 

11.31 

3 

\W  +40°2702 

9.83 

7 

k  2s5p        V 

12.63 

9 

c  Ss6p       F 

11.41 

0 

i 

2  nl  1 1      11 

11.98 

2 

Y  +40°2692 

10.41 

5 

/  2n             V 

12.38 

12 

52 
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OBSERVATIONS   OF   COMETS   AND  ASTEROIDS, 

MADE    u  II  ll    nil.    L2-INCH    EQUATORIAL    01      rill'    l  .8.    \  \  \  A]     OBSBB\    IT0RY, 

Bi    Pbof.  E.  PRISBT,  P.S.N. 
[Communicated  by  Prof.  Wm.  Harkness,   [J.S.K.,   Astronomical  Director.] 


1896  7 

Was 

* 

No. 

#-* 

a/'%  apparent 

log  /.A 

Ja         |        sJ8 

a 

6 

for  u 

f,.r8 

Comet  L896  VII 

lVc. 

10 

6  54   1  1.1 

1 

20  .  1 

-0  42.28 

+   L'  54.6 

1 

1   13.90 

+ 

5   13 

24.4 

«8.993 

0.684 

10 

7    :,  58.3 

2 

L5  .  3 

-1     9.73 

+  0  50.4 

1 

1   L7.63 

+ 

5   13 

10.6 

//S.S7C 

0.683 

11 

7   14  38.9 

3 

IS  .    1 

-0  48.77 

-  2  37.6 

1 

11   26.45 

+ 

:,   18 

0.1 

/,s,su7 

0.707 

23 

7  .M   32.6 

•1 

20  ,  1 

+  Z  29.53 

+  3  35.6 

•_> 

31    11.43 

+ 

1    16 

28.6 

»8.680 

0.730 

Jan. 

6 

7     .",  39.  1 

5 

20  ,  l 

-0  59.86 

-  1  35.8 

3 

13   16.82 

_ 

0   11 

12.8 

rc9.247 

0.748 

8 

11  l'ii  50.2 

6 

20  .  1 

-1  39.58 

-  -1  37.8 

3 

52  32.26 

- 

ii   16 

28.1 

9.480 

0.748 

1SSS 

Comet  1897  I. 

Dec. 

'.I 

7     6  54.6 

7 

15  .  3 

-0  13.27 

-  .(i  20.7 

19 

50   13.46 

+ 

2  26 

L9.2 

9.631 

0.733 

1" 

6    ii  39.0 

8 

L4,4 

+  0  47.57 

-  8  14.6 

19 

,-,(i  30.91 

+ 

2     1 

56.9 

9.563 

0.730 

11 

6   12  24.2 

9 

1.8,4 

-1  19.09 

-  3     3.7 

L9 

50  is.  17 

+ 

1   35 

41.1 

9.619 

0.736 

23 

6  37     0.7 

10 

20  .  1 

+  0  42.06 

-  1   52.5 

19 

48  49.66 

_ 

3    0 

19.4 

9.648 

0.749 

24 

6  L'n  12.6 

11 

lmi  .  i 

+  0  51.58 

+  ()  47.7 

19 

is   16.01 

_ 

3  22 

s.i; 

9.641 

0.7.")  1 

;;n 

6  27  27.1 

12 

5  .  1 

-0  12.25 

-  6  23.8 

19 

48  34.94 

- 

5  34 

.-IS.'.I 

•.i.e.:.; 

0  750 

Xo. 

Planet—  # 

log 

pA 

1891  Washington  M.T. 

• 

* 

Comp. 

Aa.          |         Al 

a 

s 

for  a 

|     for  8 

(16)  Psyche. 

Feb.  23 

12 

29 

1  is 

13 

20  ,  4 

+  1 

26.00       -    1   55.2 

10  23 

44.69 

+  10  22 

8.6 

9.386 

0.61  1 

24 

in 

54 

37.9 

13 

18,4 

+  0 

12.38       +   3     9.9 
(87)  Sylvia. 

K)  23 

1.08 

+  10  27 

13.6 

s.sos 

0.531 

Feb.   24 

11 

35 

0.2 

l  1 

10  ,  2 

-0 

20.30    1+11    23.7 

in  43 

16.02 

+  23  34 

14.2 

9.046 

9.681 

Mii.  m 

Hi 

35 

42.2 

15 

20,4 

-1 

53.54            ii  22.7 
(190)  Ismene. 

10  33 

53.08 

+  24  23 

21.2 

7.575 

0.333 

\ln    31 

12 

11' 

1  1.7 

16 

20  .  1 

+  2 

16.58 

-   7  37.7 

11  55 

1 5.98 

+  1  18 

13.4 

8.532 

0.730 

\m      l 

1  1 

3 

37.8 

16 

L'o  .  | 

+  1 

15.38 

-  2  55.1 

11   54 

14.78 

+    1  23 

26.0 

/,'.!. IHI7 

o.7L".) 

3 

10 

19 

1.6 

16 

:'ii  .  1 

+  0 

39.40 

+   6  39.1 

11   53 

38.79 

+    1   33 

0.3 

//'.).  107 

0.728 

1  1 .".)  Amalthea. 

May  26 

in 

26 

38.9 

17 

5,  1 

_2 

22.40       +  3  41.0 

15    15 

1.90 

-11  28 

k  •; 

&9.074 

0.647 

.June    2 

in 

52 

54.0 

18 

20  ,  1 

+3 

11.80    j   +   7  42.S 
(130)  Electro,. 

15  38 

15.61 

-11.24 

14.3 

7.639 

0.831 

June  21 

II 

in 

3.0 

19 

20 ,  1 

-0 

26.23       -   5  12.6 

1 7     3 

12.68 

+  6  58 

0.9 

8.893 

0.668 

23 

12 

22 

56.8 

19 

21  .  5 

-1 

55.91        -11   ."'7.2 

17     2 

|;:ihi 

+   6  .".1 

16.3 

9.254 

0.675 

25 

11 

9 

17.ii 

1'" 

21 1  .  1 

+  1 

14.47       -   7  17.1 
(194)  Prokne. 

17     0 

19.34 

+  6  41 

2.4 

8.730 

0.071 

\    .   26 

13 

29 

37.8 

21 

L'n  .  1 

-0 

1  1.1  1 

+  10     2.2 

22  27 

19.76 

6    10 

10.6 

9.224 

0.763 

28 

1  1 

0 

8.0 

22 

19  .  1 

+  0 

18.45 

-12  12.9 

22  26 

10.7!) 

-    7  16 

39.0 

w9.043 

0.756 

Sept.    3 

11 

13 

l.i' 

23 

i'.-,  .  5 

+  2 

5.02 

-   9     3.8 

22  23 

31.29 

-  9  10 

16.8 

«s..-,i'.) 

0.816 

4 

10 

10 

4  7.:; 

24 

20 ,  1 

-4  56.82 

+   6  25.5 

22  23 

0.96 

-  9  28 

39.0 

//'.).  1  71 

0.815 

8 

7 

52 

55.7 

25 

30  .  ii 

+  2 

22.03 

+   2    15.2 

22  21 

7.20 

-10  39 

.VS.  1 

«9.546 

0.812 

in 

'.i 

13 

16.2 

26 

19,  l 

— ."> 

I  18 

-   4    15.6 

22  20 

11. 7S 

-11  16 

Ui.7 

//'.l.i  so 

0.826 

15 

s 

31 

30.6 

27 

20  ,4 

+3 

27.38 

+   4     5.8 

22   is 

1  7.06 

-12  39 

51 .5 

»:).:;ss 

0.S25 

No.  415 
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Mi  an    Places 

for  1896.0  and  1897A 

of  <  'omjjarison- Stars. 

Red.  to 

Red.  tu 

* 
1 

a 

app.  place 

S 

app.  place 

Authority 

1    4  52.00 

+  4!l8 

+   5  40     2.3 

+  27.5 

Washington  Transit  Circle 

•  ) 

1     5  23.18 

+  1.18 

+  5   11  52.7 

+  27.5 

Washington  Transit  <  lircle 

3 

1    12  11.01 

+  4.21 

+  5  20  12.0 

+  25.7 

Albany  A.G.  Zones  353 

4 

2  27  37.39 

+  4.51 

+   1    12  29.8 

+  23.2 

Albany  712 

5 

3  44  14.99 

+1.69 

-  0  40  13.7 

+   0.7 

|  (Mtlnchen+Weisse+ 2  Copeland    Boi 

gen) 

6 

3  54   10.12 

+  1.72 

-  0  41  55.8 

+   5.5 

.',  (Bonn +Schjellerup  + Copeland    Borg 

2Il) 

7 

19  50  54.30 

+  2.43 

+   2  26  32.5 

+    7.4 

Llbanj  A.G.  Zones  691 1 

8 

19  49  40.93 

+2.43 

+   2  10     4.5 

+   7.0 

Albany  A.G.  Zones  6903 

9 

19  51  34. SI 

+  2.45 

+   1  38  37.8 

+    7.0 

Albany  A.G.  Zones  691  1 

10 

19  48     5.03 

+  2.57 

-   2  59     1.5 

+   4.6 

Weisse-Bessell  L9h1162 

11 

19  47  51.85 

+  2.58 

-  3  23     0.7 

+   4.4 

Radcliffe  (1890)  5318 

12 

19  48  44.54 

+  2.65 

-  5  28  18.7 

+   3.6 

Schjellerup  7665 

13 

Id  22  16.02 

f  +2.67 
\  +2.68 

+  10  24  15.9 

(  —12.1 
\  -12.2 

Weisse-Bessel  10h345 

14 

10  44     3.11 

+  2.91 

+  23  23     3.8 

-13.3 

Weisse-Bessel  (2)  L0h847 

15 

H»  35  43.61 

+  3.01 
(  +2.74 
-   +2.74 
(  +2.73 

+  24  29  56.9 

-13.0 
(-17.5 
-    -17.5 
(  -17.4 

Weisse-Bessel  (2)  10h674-5 

16 

11  52  56.66 

+   1  26  38.6 

Albany  A.G.  Zones  1385 

17 

15  47  20.86 

+  3.44 

-11  31  30.5 

-15.8 

Weisse-Bessel  l.V'.soi 

18 

15  35  30.34 

+  3.47 

-11  32  11.1 

-16.0 

Schjellerup  5556 

19 

17     4     5.41 

(  +3.50 
\  +3.50 

+   73  21.4 

S  -   7.9 
1-  7.9 

Bonn  YI  +  7°3314 

20 

16  59  31.37 

+  3.50 

+   6  51  26.9 

-   7.4 

Weisse-Bessel  16h1081 

*21 

22  27  59.59 

+  4.31 

—   6  51     5.7 

+  22.9 

Munchen  31163 

22 

22  25  54.02 

+  4.32 

-   7     4  48.8 

+  22.7 

Radcliffe  (1890)  6041 

23 

22  21  21.89 

+4.38 

-  9     2     5.7 

+22.7 

Radcliffe  (1890)  0027 

24 

22  27  53.38 

+  4.40 

-   9  35  27.8 

+  23.3 

Munehen  31159 

25 

22  18  40.72 

+  4.45 

-10  43     5.8 

+  22.5 

Radcliffe  (1890)  6012 

26 

22  25  11.80 

+  4.46 

-11  12  18.0 

+  22.9 

Berliner  Jahrbuch 

27 

22  14  46.11 

+  4.47 

-12  44  18.9 

+  21.6 

Radcliffe  (1S90)  5998 

*On  account  of  the  large  proper  motion  of  this  star  it  was  compared  on  two  nights  with  Radcliffe  (1890)  0044  and  the  mean  of  the  posi 
tions  taken. 


NOTE   OX   THE   PKECESSIOX   OF  THE   EQUIXOXES, 

By  JOHN   X.  STOCKWELL. 


The  discussion  now  going  on  among  astronomers  in  re- 
gard to  the  precession  of  the  equinoxes,  has  recalled  to 
mind  an  investigation  of  the  theoretical  value  of  the  pre- 
cession which  was  made  by  the  writer  nearly  thirty  years 
ago;  and  which  was  published  among  the  Smithsonian  Con- 
tributions to  Knowledge  for  the  year  1872,  in  a  Memoir  en- 
titled "Secular  Variations  of  the  Elements  of  the  Orbits  of  the 
Eight  Principal  Planets."  The  Memoir  closes  with  a  set  of 
tables  showing  the  values  of  the  various  elements  of  the 
planetary  orbits  at  intervals  of  one  hundred  years  for  a 
period  of  7200  years ;  but  for  the  earth's  orbit  they  are 
given  with  greater  elaboration,  and  extend  over  a  period  of 
1  Ooi  in  years.  They  also  contain  tables  of  the  precession  of 
the  equinoxes,  in  both  longitude  and  right-ascension,  and 
the  obliquity  of  the  ecliptic  to  the  equator;  and  they  are 
very  convenient  in  investigations  concerning  the  celestial 
bodies  during  all  past  historical  ages. 


The  question  whether  it  is  advisable  to  change  the  value 
of  the  constant  of  precession  which  has  been  in  continuous 
use  in  the  Nautical  Almanac,  since  1855,  can  only  be 
answered  in  the  affirmative,  by  showing  that  it  is  now  pos- 
sible to  adopt  a  constant  that  is  more  nearly  correct  than 
the  one  which  has  been  in  use  during  the  past  forty-five 
years.  Professor  Newcomb  has  devoted  a  good  deal  of 
attention  to  this  subject  during  the  past  twenty  years,  and 
it  is  fair  to  presume  that  he  has  exhausted  the  capabilities 
of  the  best  observations  that  have  been  made  during  the 
past  one  hundred  and  fifty  years.  His  results  are  embodied 
in  a  little  work  entitled  Astronomical  Constants,  published 
in  L895.  On  page  L96  of  that  work,  1  find  he  gives  the 
following  : 


Annual  precession  in  longitude, 
Total  precession  from  L850, 


50".2371     +0".02218j! 
5023".71<  +  l".109f- 
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in  which  t  denotes  centuries,  counted  from  the  beginning 
of  the  year  L850. 

It'  we  put     t  =  +',.     we  gel   tli"  annual  precession  in 

[900,  equal  to  50".2482.    And  this,  according  a  rffceni  lettei 

of  inquiry  from  Prof.  Bareness,  the  present    Director  of 

utical  Almanac,  is  the  value  which  was  adopted  by 

1MB  in  the  Nautical  Almanac  for  the  year  Li 

U.  in  the  expression  for  the  total  precession  from  L850, 
=   —1   and  t  =  +1,     we  get 

L750  and  1850,  5022.601 

ion  between  L850  and  L950,  5024.819 

Total  prec.  between  L750and  L950,  or  200  yrs.,  10047.420 

\  ..  from  the  table  in  the  Smithsonian  Contributions  to 
Knowledge,  to  which  I  Lave  already  referred,  pages  196-7, 
I  extract  the  following  : 

Precession  between  L750  and  1850,  5022.555 

d  L850  and  L950,  5024.818 

I  in  two  hundred  years,  L0047.373 

If  we  compare  these  lasl  numbers,  which  are  purely  theo- 
retical, with  the  numbers  derived  by  Prof.  Newcomb,  from 
a  discussion  of  accurate  observations  extending  oveT  a 
period  of  more  than  one  hundred  and  fifty  years,  we  find  a 
most  satisfactory  agreement  between  them.  His  value  of 
the  precession  during  the  hundred  years  between  L850  and 
L950,  differs  by  onlj  0".001  from  the  value  which  I  com- 
puted from  theory  nearly  thirtj  years  before;  and  the  total 


ion  during  a  period  of  two  hundred  years,  derived 

from  theory,  differs  bj  only  <>".o  17.  or  less  than  one-1 «  ent  iel  li 

of  a  second,  from  the  value  deduced  from  the  observations. 

Again,  it  we  compute  the  annual  precession  for  the  yeai 

1900,  fr thi  data  given  in  m\  published  tables,  we  find 

n  bo  be  50".24818,  which  is  exactly  the  same  as  given  b] 
Prof,  N  i  wi  omb  in  the  Nautical  Almanac  for  1900,  to  a  like 
number  of  decimals.  The  perfect  harmony  between  the 
results  of  theory  and  observation,  affords  satisfactory  evi- 
dence thai  both  determinations  are  substantially  correct ; 
and  that  would  seem  tn  me  to  be  a  sufficient  reason  for 
its  immediate  adoption. 

It  may,  however,  be  urged  thai   my  theoretical  computa- 
tions on  that   subject   were  made  so  Long  ago  that   they 

would  hardly  correspond  with  results  which  would  now  be 
derived  in  the  same  way.  by  using  the  improved  values  ot 

the  elements  and  masses  of  the  planets.  It  is  true  that 
the  mass  of  .lA'/'.v  has  since  been  more  accurately  determined 
h\  means  of  his  satellites,  which  had  not  been  discovered  at 
that  time;  but  we  must  remember  that  the  influence  of 
that  planet  is  very  small  by  reason  of  the  smallness  of  its 
mass;  and  the  correction  of  its  mass  wras  at  the  same  time 
quite  inconsiderable.  But  a  re\  ision  of  those  old  computa- 
tions by  means  of  modern  data  is  much  to  lie  desired  ;  and  it 
is  possible  that  I  may  at  some  future  time  undertake  such  re- 
vision, although  I  do  not  think  that  results  materially 
different  would  he  obtained. 

Cleveland,  1891  September  30. 


MOTE    i;\     THE    EDI  COK. 


Mr.  Stoi  kwi  m  ,'s  argument  in  the  foregoing  article  is 
possibly  based  on,  or  may  lead  to  a  misapprehension.  The 
total  precession  in  longitude  between  17.10  and  1950,  by 
Nbwcomb's  determination  adopted  by  the  Paris  Confer- 
ence, is  L0049".05.  The  difference  between  this  and  the 
value  derived  from  Stockwell's  theory  (10047".373)  is 
therefore  l".o77.  instead  of  0".047. 

dence  received  by  the    Editor,  an  anal- 
ogous contusion   seems  to  have  been  caused  1>\   the  circular 

XiUltii'llf  Aim 'i  inn  office,  ill  the  lllillds 

of  some  astronomers,  who  appear  to  think  that  the  ••  new 
value"  of  the  precession  specified  in  that  circular  is  the 
one  which  it  is  proposed  to  adopt  di  It  is  there- 

fore desirable  to  i  matter  clearly.     Referring  to 

n  the  circular  a      tot  he   antieipat  ion 


lit  the  action  of  the  Conference  h\  a  year,  it  would  appear 
that  the  change  already  made  in  the  Almanac  of  L900  is 

not  the  one  which  it  is  proposed  to  adopt  for  the  Almanacs 
of  L901  and  thereafter.  Thus,  if  the  decision  of  the  Con- 
ference is  adhered  to,  we  shall  have  a  double  disconti- 
nuity, or  three  values  of  the  precession  instead  of  two; 
namely  : 

Almanacs  of  L855   L899,         50*2638  +  0*000227  it-  V. i 

«         "1900  50.2482  +  0.000222  (*— 1900) 

'<         "  1901  and  after.  50.2564  +  0.000222  </-1900) 

The  second  of  these  is  the  provisional  value  in  N  ewi  m  i  u  b's 
Kir  hi  nits  and  Constants;  the  last  is  the  value  predetermi- 
nately  accepted  by  the  Conference,  and  is  the  one  developed 
in  A.J.  L05  and  also,  with  more  detail,  in  Vol.  VI 1 1,  Part  I, 
of  the  Amrr.  Ephem.  Astron.  Papers.  0 


\o  IK   ON    THE   PROPBE   MOTION   OF    BRADLET  2918, 

By  J.  G.   PORTER. 


This  star  was  observed  once  by  Bradley,  in  right-ascen- 
sion only,  and  his   posit  ired  with  the  Greenwich 
New    Seven-Yeaj  ■  -    the    proper     motion 
opted    by  Dr.  Auwers.     Bui    Bradley's 


right-ascension  seems  to  be  more  than  a  second  too  small, 
and   the   star   has   practically  no   motion.      This  appears 

from   the  following   table,  the   places   being   reduced   to  the 

A.( ;.  system. 
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Authority 

Epoch 

K.A.  1900 

Obs. 

Epoch 

Decl 

1900 

Bradley 

1754.9 

h    m      s 

22  6  55.77 

1,0 

_ 

-11° 

33 

_ 

Lalande 

97.7 

57.22 

o 

1797.7 

32.3 

Weisse 

L822.9 

56.99 

1 

1822.9 

32.2 

Wrottesley  1 

33.0 

.-,7.2;; 

10,0 

- 

_ 

Armagh 

42.6 

.-.7.2.-, 

5,0 

_ 

_ 

Rumker 

43.0 

57.32 

1 

43.0 

37.0 

Mtlnchen 

45.4 

57.03 

2 

45.4 

33.5 

Yarnall 

47.7 

57.14 

5 

17.7 

32.7 

Wrottesley  2 

50.9 

.".12 

5,0 

_ 

_ 

Cape 

51.4 

.-,7.09 

2,1 

.-,()..-, 

33.0 

RadelifEe  2 

58.9 

.-,7.05 

4 

56.5 

33.8 

Schjellerup 

62.8 

.-,0.92 

1 

62.S 

32.0 

New  7-year 

66.3 

57.06 

2,3 

66.1 

32.9 

Poulkova 

66.7 

57.15 

1 

66.7 

32.0 

Bruxelles 

67.3 

57.00 

6,3 

63. 1 

32.7 

RadelifEe  3 

89.0 

->7.1 5 

3 

89.0 

32.1 

Cincinnati 
pt.  21. 

1894.8 

22  6  57.07 

3 

1894.8 

-11 

33 

32.0 

OBSERVATIONS   OF  MIMAS  AND   ENCELADUS, 

MAUK     WITH     THE     26-INCH     REFBACTOB     OF     THE    LEANDER*  McCORMICK     OBSERVATORY, 

By  ORMOND  STONE. 
As  in  the  case  of  previous  observations  the  angles  given 
are  eaeli  the  mean  of  two  comparisons ;  the  distances  were 
obtained  from  measures  of  double  distances.  Corrections 
have  been  applied  for  refraction.  The  times  are  for  the 
75th  meridian  (Eastern  Standard). 

Mimas-Enceladus. 
1S95  Eastern  Time  p  Eastern  Time  s 

May    4  -J  r,c"u  65°.54         lo"    3"'24S  6.81 

7.54 


11.71 
11.97 
1 1 .82 
12.29 
13.03 
13.24 


12.0S 
12.29 
23.46 
23.18 

22.SS 
22.99 


66.21 

13.56 
13.70 
L3.72 
14.48 
1  L.59 
9.69 


10  16  38 

66.58 

10 

9  30 

Mim 

is-Tetlt/ys. 

Apr.  17 

11  10  22 

40.00 

11 

19  28 

11  50  54 

4S.22 

11 
11 
11 
11 
11 

27     9 
32     2 
39  25 
42     0 

Enceladus-Tethys 

Feb.  16 

16  25  27 

17  47  48 

16 

38     8 

Apr.    3 

13     9  59 

302.34 

13 

2*3     2 

13  16  44 

305.17 

13 

28  42 

10 

12  51  35 

141.01 

13 

3  12 

12  55  30 

ML'.:  17 

13 

7  32 

13  25  45 

150.82 

13 

13  55 

13  30     8 

151.87 

13 

17  38 

13 

12  43  14 
12  51  10 

so.  17 
86.56 

17 

12  20  14 

91.72 

12 

34  28 

19 

11  46  12 

61. 70 

11 

55  1  1 

11  50  26 

62.40 

11 
12 
12 

12 

57  52 
1    20 
7  43 

15  20 

23 

10  54  48 

149.S5 

11 

13  18 

1S95 

Eastern  Tim, 

P 

Eastern  Time 

s 

h        in       s 

o 

h        m       s 

o 

Apr.  23 

11     0  51 

153.66 

11    19      0 

9.63 

11     6   11 

156.34 

11   47    IS 

9.00 

11  26  52 

161.08 

11    51      1 

8.77 

11  30  50 

162.76 

11  34  26 

163.79 

11  .",7  50 

165.38 

11   59  2  1 

173.S7 

12  16  32 

ISO. 00 

12  20  36 

183.24 

12  23  41 

1S3.68 

May     4 

9     5  17 

322.52 

9  10     3 

7.31 

9  16  47 

324.26 

9  13     8 

6.64 

Enr 

(ladus-Dione 

Apr.  10 

13  39  .-,.-, 

115.98 

15 

11     8  41 

98.09 

17 

12  26  29 

SI.  OS 

12  40  29 
11'    11  35 
12  49  10 

63.33 

63.38 
63.13 

20 

13     7   20, 

98.21 

13  25     6 

37.10 

13  11  42 

98.75 

13  27  24 

36.65 

Enceladus-Hh<  a. 

Feb.  16 

16  47  19 

17  35  39 

16  55  46 

Apr.  20 

13  53  15 

303.76 

11    14     2 

29.97 

13  57  .-,<', 

303.95 

14  IT,  :,2 
14  17  39 
11    19  33 

29.61 

I'll. OS 

29.36 

M;i>,    22 

10  36   is 

6.58 

10  43  32 

29.74 

11  12  54 

17.43 

10   45   10 

29.60 

11  21'  46 

20.33 

10  50     S 
10  59    12 

29. SS 
30.06 

June   2 

lo  .",2  22 
10  38  36 

233.10 

231.87 

10  43  10 

232.97 
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MEASURES   OF   0883,   £552    AND    SIBIUS, 

MAD]       WITH      rHE     36-INCB      llll-inl'l.     OF      nil.      LICK     OBSERVATORY, 
i\\    R.  G.   A1TKKV 


I  have  recently  made  two  measures  of  fissr,  which  may 
present  interest  in  view  of  the   facl    thai    Dr.  See 
findsa  period  of  revolution  of  only  live  an.  1  one-hall 
I,,,,  tl  •■  June,  ls'.'7 1.    £552  is  also 

moving  rapidly  and  seems  to  have  been  neglected  almost 
entirely.     For  comparisi       !  1  mean  of  my  last  year's 

measures  of  these  stars. 

Phe  difference  of  magnitude  in  the  I  ents  of 

it  and  the  quadrant  is  therefore  somewhat 
uncertain,     [n   L896,  [not  as  "  Soul  h  "  on  one 

and  "uncertain  "  on  thi  This  \  1  ar  U   was 

marked  "Norl         "  oi  and  on  the  second 

night,  with  the  star  on  the  meridian,  ••  South." 

On  the  last  named  1  eeing  was  excellent,  and 

just  before  sunrise  I  obtained  a  measure  of  the  companion 

Irius.     At  the  closi  the  star  was  only 

lian.     It   maj    be  of  interest   to  add 

Lick  01  "'"•  1891  October  2. 


that  the  compauion  could  be  seen  clearly  alter  the  sun  was 
abot  e  1  he  hori;  on. 


a  : 

0883  .7 

=  4     it'  38 

■+..7»+). 

8  =  +100 

52' 

1896.S8 

196.9 

0.28 

:;  nights 

L897.715 
.731 

30.6 
209.9 

0.23 
0.26 

weight  3 

a 

/3  552 

1    1:,    1 

(7H.  .10"). 
S  =  +  13 

27' 

L896.88 

L86.2 

0.40 

;;  nights 

1897.715 
.731 

L98.6 
198.1 

0.38 
0.48 

weight  3 
weight  -1 

1897.731 


175.9 


3.92 


W  1  •  u  i .  1    .". 


CORRECTIONS  TO    THE   ARTICLE, 
"OBSERVED    PLACES   OF  310  EPHEMERIS-STARS,' 


IN  No.  L08, 


Bi    R.  II.  TUCKER. 


The  following  changes  are  to  be  made  in  my  article  in  A. J.  408.     None  of  them  affect  the  places  there  given, 
in   the   second  and   third   columns. 
Mar  R.A. 

It  n 

(3  Androm. 
T-.  Eridani 

22  If. Cam. 
.-,1    B.Cephei 

ji  Cancri 
t  Hydrae 
a  Leonis 
or  Leonis 
4  H.  Draconis 

23  H.Cephei 
t  Virginia 
[3  Librae 

The  comparison     Obs.      A..E.     for  <Ti  Cor.  Bor.,   16    I0m,   has  not  been  included  in  the  means. 

The  column  -V..I.  includes  tb  1  in  N.A.  1807,  not  found  in  earlier  issues. 

Lick  Observatory,  University  of  California. 


1     3 

Obs. 

-C.T. 

-0".l 

-l".l 

v  Scorpii 

1    is 

Eridani 

(  h'ionis 

a  (  Iphiui-lii 

6     7 

Obs. 

1    J. 

+0.25 

-0".25 

d  Herculis 

6  51 

Obs. 

-A.E. 

+  1  -.060 

+  1-.065 

&  Herculis 

8   10 

Obs. 

-  < :  t. 

to  06 

-0-.06 

y,  Sagit. 

8  33 

T 

c 

£  Lyrae  pr. 

10  54 

Lei  mis 

Crateris 

/l  Aquarii 

11    1 0 

Obs. 

-  B.J. 

+0-.023 

-0-.023 

61  Cygni  pr 

11'      7 

-7S; 

20  Pegasi 

12   is 

Cephei 

Cain. 

9  Aquarii 

L3  56 

-N.A. 

+0-.021 

+0-.022 

y  Aquarii 

15  11 

Obs. 

-N.A. 

+  0".30 

17  23 

Obs. 

-N.A. 

+  06.0S 

+0-.09 

17  .".11 

Obs. 

-C.T. 

+0".S 

-0".S 

17  52 

Obs. 

-B.J. 

-0-.051 

+0-.051 

17  52 

Obs. 

-  B.J. 

+0".13 

11".  i:; 

17  59 

Obs. 

-C.T. 

-0-.04 

0-.03 

18    to 

Obs. 

-B.J. 

-0-.043 

+0-.043 

20   16 

Obs. 

-C.T. 

+o8.or> 

+0-.06 

21     2 

Obs. 

-B.J. 

+0M85 

+0U81 

21  55 

Obs. 

-  B.J. 

+0'.058 

-0-.058 

22   11 

Obs. 

-  B.J. 

+0*.007 

-11 .007 

22  47 

y 

A 

C  O  X  T  E  X  T  S  . 
Sotes  on  Vabiable  Stabs,      No.  20,  bi    Henbi    M.  Parkhurst. 
Obsi  i:\  ltions  of  Comets  and  A-ii  roids,  r.v  E.  Frisby. 

■  x  mi;  Precession  01   mi    Equinoxes,  bi   -inns   n.  Stockwell. 
Note  bi    i  hi-.  Editor. 

•.  the  Proper  Motion  01   Bradley  2918,  bi  J.  G.  Porter. 
•.in ins  of  Mimas  and  Enceladus,   bi   Ormond  shim. 
J883,  |3552,  and  SlRH  S,   r.v   R.  G.   ilTKl  H. 
Cobrei  rioNS   in  mi    Article,  "Observed  Places  oi   310  Ephemebis-Stars,"  in  No.  40s,  nv  R.  II.  Tucker. 
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OX    THE  CAUSES   OF   THE   SUN'S   EQUATORIAL 
AND   THE   SUNSPOT   PERIOD. 

r.v   E.  J.  WILCZYNSKI. 


ACCELERATION 


Among  the  maze  of  facts  brought  out  by  the  observations 
of  solar  physicists,  two  are  of  the  utmost  importance,  be- 
c;nise  they  are  not  isolated  facts,  hut  general  laws  to  winch 
all  solar  phenomena  are  subject.  These  laws,  the  law  of 
rotation  and  the  law  of  the  pieriodic  changes  in  the  solar 
activity,  express  numerical  relations  between  measurable 
quantities.  It  is  the  duty  of  scientists  to  follow  out  the 
consequences  of  such  laws,  and  to  show  what  conclusions 
can  be  drawn  from  them  by  legitimate  reasoning,  thus  build- 
ing up  a  mathematical  theory  upon  them. 

In  my  inaugural  dissertation  "  Hydrodynamische  Unter- 
snchunijen  mit  Anwenduntjen  atif  die  Theorie  der  Sonnen- 
rotation"  Berlin,  1897,  and  some  subsequent  papers,  which 
are  soon  to  appear  in  full  in  the  Astrophysical  Journal,  I 
have  studied  these  fundamental  laws  of  solar  physics  in 
the  manner  above  indicated.  It  has  not  been  necessary  to 
make  any  arbitrary  hypotheses,  the  foundation  adopted  be- 
ing a  very  general  one.  The  results  are,  I  believe,  of  suffi- 
cient interest  to  warrant  their  publication  here. 

The  general  view  which  I  take  of  our  subject  is  the  fol- 
lowing. The  sun  is  a  fluid  body,  the  general  term  fluid 
comprehending  both  gaseous  and  incompressible  fluids  as 
special  cases.  Its  present  condition  and  the  present  motion 
of  its  parts  are  but  the  consequences  of  its  initial  condition, 
and  the  original  motion  of  its  parts,  when  it  still  existed 
in  the  nebulous  state.     There  is  no  more  reason  for  assum- 


(a) 


'     hr         p  &r 


(*)     / 


8  V      1  8p 


8s 


&z 


where  /.-,  the  coefficient  of  viscosity,  is  also  supposed  to 
vary  from  point  to  point.  In  the  derivation  of  these  equa- 
tions from  the  most  general  equations  for  a  viscous  fluid, 
symmetry  of  all  quantities  with  respect  to  the  axis  of  rota- 


ing  that  this  nebula,  when  it  began  to  rotate,  must  have 
rotated  like  a  solid  body,  than  there  is  for  believing  that 
all  planetary  orbits  ought  to  be  circles  instead  of  ellipses. 
That  is  indeed  infinitely  improbable,  being  only  one  ou1  of 
an  infinite  number  of  equally  possible  cases. 

In  the  course  of  time,  however,  the  influence  of  internal 
friction  will  have  a  tendency  to  give  a  uniform  rotation  fco 
the  entire  mass.  But  careful  investigation  shows  this  in- 
fluence to  be  extremely  small,  not  affecting  the  arc  desci  ibed 
by  any  point  of  the  sun  by  2'  in  27,500,000  years,  under 
the  present  solar  conditions. 

This  result  is  obtained  in  the  course  of  investigating  the 
following  problem.  All  particles  of  a  viscous  fluid  describe 
circles  in  parallel  planes  around  an  axis  which  is  perpen- 
dicular to  these  planes.  The  conditions  for  the  motion 
and  figure  of  such  a  body  are  to  be  investigated.  The 
angular  velocity  of  rotation  w  is  supposed  to  be  different  in 
different  parts  of  the  fluid,  and  is  thus  introduced  as  an 
undetermined  function  of  the  coordinates  x,  y,  z.  The 
axis  of  z  is  the  axis  of  rotation.  The  absolute  temperature 
T  is  also  not  assumed  to  be  a  constant.  If  p  and  j>  denote 
density  and  pressure,  if  V  is  the  potential  for  the  point 
x,  y,  z  of  the  fluid,  if  /  denote  a  constant  depending  only 
upon  the  units  employed,  and  if  finally  r  —  V*'2  +  2/-  is 
the  distance  from  the  axis  of  rotation,  the  following  equa- 
tions are  found 
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tion  has  also  been  assumed,  so  that  the  surfaces  p  =  const., 
etc.,  are  all  surfaces  of  revolution. 

If  (1)„  is  differentiated  with  respect  to  z,  and  (1),,  with 
respect  to  r,  we  find 
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ois  _     1    fhp  &/.  _  op  S/A 

8-.  8/-/ 


so  that 

and  therefore 

i 

It  is  iii.w  assumed  thai   the  surfaces  of  constant  density 
coincide  with  those  of  constant  pressure,  i.e.,  that  there 
atira   between   o  and  p  whose  coefficients  are 
Lndepen  lenl  oJ      and  -..     Then  the  Jacobian 

Bp  8y 
8--  Si 

vanishes,  and     .,.-'  =  /(»•)>     s0  that  ">  is  a  function  of   /■ 
alone.     This  gives  the  following  theorem. 

In  ,,  rotating  viscous  fluid,  the  angular  velocity  of  rotation 
is  the  same  for  all  points  whose  distance  from  the  axis  of 
rotation  is  the  same,  if  the  surfaces  of  constant  density  and 
oincide.  If  we  conceive  the  axis  of  rota- 
tion to  be  surrounded  by  a  family  of  cylinders,  tki  surface 
of  each  cylinder  rotates  as  if  it  were  rigid. 

lv [nations    (1)  can   now    be    simplified.     Since    p    is  a 
function   of  /', 

(o-p&T 
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for 
only  be  a  function  of  t.     As 

1   /,SJ'_  1  8/. 
8/1       p  8c 
it  follows  that  <.)-  could  be  computed  for  the  outer  Burface 

As  it  is,  how- 


2  =   -;./,..  -tc 


(4a) 


if  /"—and  were  known  quantities. 

*     &r  p  6r 

ever,  it  is  impossibh    to  deduce  the  law  of  rotation  apriori. 

ff  on  the  other  hand  the  law  of  rotation  has  been  found  by 
observation,  equations  (4)  give  relations  between  density 
and  pressure.  If  the  fluid  is  a  gas  of  the  same  chemical 
nature  through  the  entire  mass,  ji  =  cpT  ,  k  =  fl-J  f 
where  c  and  /?  are  constants,  and  the  following  relations 
are  found, 


Wfp  t  ■  r/logp  + 


8/-  8/' 


+  87,  Si  ) 


8»- 
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p 


3  8, 

+  /■  or)  +  2Vr8. 
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The  last  equatio  •      rerj  remarkable  result.     Sup 

pose  the  temperature  to  be  the  same  in  the  entire  body,  so 

8  7' 
that      -  =  0.     Then  p  can  be  obtained  from  this  equation 

01' 

in  the  form  of  a  fraction  which  is  equal    to  a  function  of   /' 
only  when  (3  =  0  or  »  =  const,  is  this  impossible, 

the  fraction  assuming  then  the  indeterminate  form  g.  The 

result  found  is  this. 

viscous  gas  of  constant  temperature,  a  circular  motion 

of  rota  possible  when  either  the  surfaces  of  

stunt  density  are  cylinders,  or  when  the  entire  mass  rotates 
/;/,-«'  a  solid  body. 

If  /.-  is  not  too   great,  bowever,  approximately  circular 
rotation  may  take  place. 

If  .(  denotes  the  interior  normal  of  any  surface  of  con- 
ic   rt/'    is  never  negative.     The  application  of 

this  condition   together  with  Green's  theorem,  gives  the 
inequality 

2-rffpdi 


/(' 


i+rws7 


>1 


where  dr  is  the  element  of  volume  dxdydz,  and  the  in- 
tegration is  to  be  over  the  space  enclosed  by  a  surface  of 
constant  pressure.     If  p  and  o.  are  constant,  this  reduces  to 

:4<1 
-T/p  — 

a  well  known  theorem  of  M.  PoiNCABE. 


These  general  results  having  been  deduced,  application 
is  made  to  the  sun.  The  theorem  expressed  by  <..-'  —  f(f) 
is  supposed  to  hold.  For  the  surfaces  of  constant  density 
and  constant  temperature  must  both  be  very  nearly  spheri- 
cal, moreover  they  must  coincide  at  the  limiting  surface  if 
such  exists,  this  being  also  a  surface  of  constant  pressure. 
Therefore  for  reasons  of  continuity  the  supposition  Ik. his 
certainly  with  great,  approximation  near  the  outer  parts, 
and  very  probably  everywhere.  It  is  now  demonstrated 
that  nearly  spherical  surfaces,  /<  =  const.,  are  possible, 
and  their  approximate  equation  is  deduced  by  develop- 
ments in  spherical  harmonics,  the  method  being  a  simple 
generalization  of  that  of  Legendee  and  Laplace.  If  the 
density  is  supposed  to  be  inversely  proportional  to  the 
square  of  the  distance  from  the  sun's  center,  we  find  for  the 
ellipticitj  of  the  Limiting  surface 

e  =   0.00001 
a  quantity  too  small  to  be  observed,  which  is  in  accordance 
with  the  fact  that  no  ellipticjty  has  been  noticed  by  tin- 
best  observers. 

If  the  different  laws  of  rotation  disclosed  by  observa- 
tions of  the  different  classes  of  solar  phenomena,  the  sun- 
spots,  the  faculae,  and  the  absorbing  layer,  are  now  com- 
pared and  united  by  our  theorem  that  o.  is  a  function  of  r 
alone,  it  is  found  that  these  different  objects  must  be  sit- 

1     levels,  and    the    di  tterences  of    level    can 

be  computed.     It  is  found  that  sunspots  must  be  at  a  higher 
level  than  the  reversing  layer,  the  faculae  being  still  higher. 
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Frost  has  reached  the  same  conclusion  independently,  ad- 
ducing additional  evidence  for  the  same  from  other  facts. (') 
I  had  reached  this  and  a  number  of  my  other  results  in  a 
paper  published  over  a  year  ago.  (*)  But  our  method  dues 
not  only  give  these  qualitive  differences,  but  allow  s  the  dif- 
ferences of  level  to  be  computed.  They  are  found  to  be 
surprisingly  great,  amounting  to  over  one-tenth  of  the  sun's 
radius.  While  no  overdue  value  need  be  attached  to  the 
precise  numerical  results,  it  is  obvious  that  our  entire  view 
requires  greater  differences  of  level  than  are  usually  ac- 
cepted. Such  great  relative  motions,  if  they  took  place  in 
only  slightly  different  levels,  could  not  persist  long,  but 
would  have  to  be  constantly  renewed. 

There  seems  to  be  a  contradiction  here,  between  theory 
and  direct  observation,  which  puts  all  of  the  solar  phe- 
nomena in  only  slightly  different  levels.  But  this  is  easily 
explained  if  it  is  noted  that  in  direct  observations  the  re- 
fraction in  the  solar  atmosphere  ought  to  be  taken  into 
account.  Let  >\  and  r.2  >  i\  be  the  radii  of  two  spheres  in 
the  sun's  atmosphere,  and  let  /x,  and  /x.2  be  the  correspond- 
ing values  of  the  index  of  refraction.  Then  the  distance 
r.,  —  ;•;  appears  to  an  observer  upon  the  earth  to  be  shortened 
to  /x.,  r„  —  /Xj  >\,  which,  putting  r2  =  1.1j\,  becomes 
1\  (1.1 /x.,—^).  At  the  top  of  the  faculae  probably  p.,  =  1 
very  nearly,  and  if  in  the  absorbing  layer  the  region  of 
heavy  metallic  vapors  ^  is  nearly  1.1,  this  distance  will 
appear  extremely  small.  Putting  ^  =  1.1  does  not 
seem  extravagant  if  we  remember  that  in  these  regions  the 
heavy  metallic  vapors,  as  iron  vapor,  abound.  The  dis- 
crepancy is  easily  explained  in  this  manner.  (s) 


(!)  Fkost,  AP.J.,  1896  Oct.      (2)  Wilczynski,  AP.J.,  1890  Aug. 
(»)  Wilczykski,  AP.J.,  1897  Nov.      On   the   Depth  of   the  Re- 
versing Layer. 


Owing  to  friction  the  angular  velocity  in  any  point  is  not 
a  constant,  bui  tends  in  the  limit  towards  a  certain  value 
which  is  the  same  for  the  entire  mass.  I  havealreadj  men 
tioned  that  this  gradual  progressive  change  is  very  slow,  a  fact 
which  is  disclosed  by  putting  plausible  values  for  k  and  i> 

0(1 


in  the    formula   for 


8/ 


But    besides   this    there    can    be 


periodic  changes,  the  velocity  alternately  becoming  greater 
and  smaller,  and  the  period  depending  upon  the  law  of 
rotation.^) 

There  will  also  be  survivals  of  disturbances  in  the  origi 
nal  nebula,  the  initial  conditions  determining  the  periodic 
changes  as  well  as  the  law  of  rotation. 

Now  according  to  (4  a),  to  such  periodic  changes  in  u> 
must  correspond  periodic  changes  in  p,  j>  and  T,  and  it  is 
easy  to  see  how  changes  in  temperature,  for  instance,  may 
affect  the  solar  activity.  It  is  also  plausible  that  such 
changes  must  affect  the  electro-magnetic  field  surrounding 
the  sun,  thus  showing  how  the  connection  of  solar  activity 
and  terrestrial  magnetism  may  be  explained.  Compara- 
tively small  changes  in  <n  are  only  needed  to  change  the 
temperature  considerably,  but  doubtless  there  are  other 
causes  beside  the  one  here  mentioned.  Some  of  these  are 
easily  enumerated,  but  it  cannot  of  course  be  decided  as 
yet  which  is  the  most  important.  It  suffices  for  the  present 
to  have  shown,  that  a  mechanical  explanation  is  possible. 
The  precise  details  of  this  can  only  be  found  by  observa- 
tion, as  none  of  the  possible  causes  has  a  priori  any  ad- 
vantage over  the  others. 

(!)  Wn.cz ynski,  AP.J.,  1897  Nov.  On  the  Causes  of  the  Sun- 
spot  Period. 

Chicago,  1897  October  13. 


MEASURES   OF   DOUBLE   STARS, 

MADE    WITH    THE    18-INCH    EQUATORIAL   OF   THE   FLOWER   OBSERVATORY, 

By  ERIC   DOOLITTLE. 


The  observations  of  double  stars  so  far  made  at  this 
observatory  have  been  principally  from  lists  kindly  fur- 
nished by  Mr.  Bckxham.  It  is  thought  best  to  delay  the 
publication  of  these  observations  until  they  have  been 
duplicated.  At  the  suggestion  of  Dr.  T.  J.  J.  See  there 
was  also  undertaken  the  measurement  of  those  stars  of 
which  he  has  computed  the  orbits.  (Evolution  of  the  Stellar 
Systems,  Vol.  I.)  As  the  motion  of  most  of  these  pairs  can 
be  predicted  with  much  exactness,  it  is  necessary  that  the 
measures  be  made  with  more  than  usual  care  if  they  are  to 
be  of  use  in  the  further  improvement  of  the  orbits.  On 
this  account,  the  best  nights  were  devoted  to  these  stars, 
and  a  large  number  of  measures  were  taken  when  possible. 


In  the  following  results  the  fourth  column  indicates  the 
number  of  separate  settings  of  the  wire  for  position-angle, 
and  also  the  number  of  measures  of  double  distance.  Dur- 
ing the  observations,  the  line  joining  the  eyes  was  kept 
either  parallel  or  perpendicular  to  the  wire.  The  illumi- 
nation was  at  first  by  electricity,  and  afterward  by  an  oil 
lamp.     The  power  used  was  700,  except  in  one  instance. 

I  have  added  to  the  measures  the  resulting  positions 
computed  by  Dr.  See.  A  comparison  shows  that  in  a  few 
cases  observations  are  here  printed  which  had  better  per- 
haps have  been  rejected  ;  as  they  are  of  unusually  difficult 
pairs,  of  which  observations  are  few,  I  have  however  re- 
tained them. 


I-.I) 


THE     ASTRONOMICAL    JOURNAL. 


N°  416 


2-3062.  6".9,  7\5. 
=  o1'  i'".o  ,  8  =   57  58', 


1897.079 
.178 
.1890) 
.192 
.217 


334.04 
337  is 
336  16 
336.93 


1.71' 
1.76 
1  .48 
L.66 
L.68 


1897.171         336.62 
336.1  1 
(i)  Slight  wind. 


L.66 
1.45 


rjCassiopeae  =  2  on.  l".i>  .  7".0. 

a  =  d"  42'  .9     ,     8  =  51 

L89         208.42  1.76  4 

.192         208.18  1.83  4 

.241         209.40  1.79  4 

.288         209.96  1.64  4 

.309         209.80  4.71  I 

.320         210.08  1.77  I   2 

.367         209.03  4.72  4 

L897.272         209.27        4.74 
See,  209.63         1.69 

02T38.     5".5  ,  7". 
a  =  1"  57">.8     ,     8  =  +41°  51'. 
L897.293(1)     L21.6  0.46  4 

.2990     L33.2  4 

.714 18)    117.8  0.44         4-2 

119.7  0.45 

116.4  0.34 

The  middle  observation  should  probably  be 

ted. 
(')  Quite  distinct   at    intervals;   1  think  a 
good  measure.     <-i  Elongated;  uncertain. 
I  ,  v.i  clearlj  separated. 

9  Argiis  =  £  101.     5».7  .  6».3. 
a  =  7h  47"'.l     ,     8  =  —13°  38'. 
L897.293C)    292.93         0.77  4 

.302  (*)    289.69         0.65  1 

.397  (*)    296.22        0.58        4-2 
.460  Q    288.87         0.64  4 

1897.363         291.93         0.66 
-s.s.MS        0.60 

(»)  Not  clearly  separated.     iji  Distinct. 
(:,j  Not  clearly  separated. 
(4)  Not  entirely  separated. 

I  Cancri  =  21196.     5».5  .  6*.2. 

a  =  8h  6"'.2     ,     8  =  +17°  58'. 
All. 

1897.244           L3.07  t.41  4 

L7.90  1.1 1  4 

.291           L3.30  l.H  4 

.695           11.22  1.22  4 

.698           13.68  L.19  I 

.714           L4.88  1.16  4 


1  I  "I 
1  1.04 


1.30 

1.13 


1897.24  I 

■\ss 

293 

.309  0 
.320 


\>  . 
ii  ;..r>  i 

112.00 
115.00 
L15.22 
114.92 


5.43 
5.48 
5.40 

5.:;.-. 
5  19 


1897.291         L14.68 

I :  i  ini.i.,-  sprayed. 


5.43 


23121. 

S     6    .2 


.i. 


1897.21 
.299 
.302  0 
.320 
.348  0 
.367 


11.62 
13.95 

I  I.I  i 
L3.87 
15.77 
I  t.90 


8  =  +28    l '. 

1.02 

0.79 

I). sl- 
ii. si 
0.78 
0.84 


1897.321  Il.no        0.80  ('97.323) 

See,  10.25        0.69 

i'i  Powei  of  900.     I  dstance  poor:  rejected. 

<-)  G I.     i  i  Blurred. 

,„  Leonis  =  21356.     6"  .  7". 

a  =  9"  28m.l     ,  8  =  9°  30'. 

L897.293  111.80  L.01  4 

.299  111.55  0.88  1 

.367  1  us. 04  0.84  1 

,378  111.22  1.04  4 

.386  L10.30  0.93  I 

.389  1  in. us  0.91  6-4 

1897.352        lln.o::        0.90 
See,  110.08        0.87 

1  cannot  account  for  the  large  distances  on 
two  nights. 

£  Ursae  Majoris  =  2152.°,.  4M  ,  5". 

a  =  11'-  12">.9     ,  8  =  32  6'. 

L897.291  i'i    163.87  2.30  4 

.293         166.00  2.18  4 

.299         100.22  2.02  2 

.309         164.90  2.16  4 

.348         166.16  2.06  4 

.307  r>     105.10  2.29  4 

1897.31: s         165.43         2.16 
See,  100.40         1.95 

The  first  and  last  observations  should  prob- 
ably be  rejected. 
(')  Images  unsteady:   wind. 
(-)  Much  blurred. 

022^4.     7M  ,  7\8. 
a  =  ll1'  25m.4    ,    8  =  41°  50'. 
L897.41  1  (»)    141.2  4 

.463(s)    1;!,;-,;  - 3 


1897.438 
See, 


L38.9 
L30.5 


0.33 


The  second  measure  is  certainly  the  better. 

(')  Distinctly  elongated. 
i  i  Separation  was  at  times  suspected:  no 
measures  of  t>   were  however  attempted. 


02  235.     6"  ,  7\8. 
a  =  ll1'  26m.7     ,     8  =  61°  38', 

L897.293  0  L02.88  0.96  6-3 

.320  0  96.90                        4 

.:;'.i7(ai  100.21  0.86          4 

.414  O  92.20  -            4 


L897.375  98.05 

See,  98.51 


0.91 

n.77 


(i)  Good.     (-')  Wedge  shaped, 

i  i  Distinct,     (4)  Not  distinctly  separated. 


y  Virginis. 

=  21670. 

3M  , 

3".2. 

a  =  12h  36m.B     .     8 

=  —0° 

54'. 

L897.288  0 

331.06 

6.06 

4 

.293 

330.97 

5.02 

1 

.436 

331.31 

5.  i  i 

4 

.460 

330.83 

6.02 

1-2 

.465 

330.53 

5.81 

4-2 

.468 

331.20 

5.S0 

4 

.499  0 

330.90 

- 

1   ii 

.545 

331.22 

5.68 

4 

1897.432 

330.96 

5.73 

See, 

330.66 

5.00 

(»)  Light  clou. 

s.     (-)  Images  unsteady. 

02269.     7".3  .  7».7. 

a  =  13h  28'".3     ,     8  =  35°  46'. 

1897.397  0    --'■'•'''  "ls  4 

.4600    226-8  0-59  •' 

.468  0    216.9  ±  4 


L897.428 


228.2 

224.1 


0.54 
0.39 


(!)  Somewhat  uncertain,  but  distinct  at   in- 
tervals.   (-)  Very  distinct.    (■')  Elongated. 

25  Canum  Venat.  =  .21768.  5",8".5. 


L897.416  0  ,l|,; 
.4360  1:;;u; 
.545  0    137.2 


::«;  '   is'. 


1,11 


L897.449 

Si  b, 


138.8 
133.3 


1.11    ('97.545) 
1.13 


This  has  been  a  very  difficult  star  to  observe. 
Out  of  probably  as  many  as  twentj  at- 
tempts to  separate  it,  it  was  only  once 
seen  distinctly.  The  close  agreement  of 
t  he  angles  is  accidental. 

(')  Uncertain.     ('-')  Very  uncertain. 

f3)  Occasionally  distinct,  but  excessively 
difficult. 


02285.     7».5,7".6. 

a  =  14"  41'".7     ,     8  =  42°  48'. 

L897.545  0     122.8 
See,  L30.1 

(')  Elongated  distinctly;  almost  separable. 
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£    limit  IS    = 

21888. 

l\5  ,  6' 

.5. 

u  =  141' 

46ra.S     ,     8 

=  19°  31 

L897.291(») 

215.40 

3.07 

1 

.293 

217.28 

2.S7 

1 

.309 

212. 72 

2.8  1 

4 

.351 

216.62 

2.74 

4 

.378 

217.84 

2.68 

4 

.386  0 

217.20 

3.02 

4 

.389  0 

216.66 

2.93 

4 

.436 

213.32 

2.77 

4 

.468 

216.73 

2.S2 

4 

.537 

218.77 

2.72 

4 

L897.384         216.25         2.85 

See,  21(5.80         2.55 

(')  Images  blurred.     (-)  Images  unsteady. 
(3)  Haze. 


„  ( 'or.  Borealis  =  2'  L937.    5M.5  . 
a  =  15»'  10">.l     ,     8  =  30°  39' 
1897.319  Q)    319.  ± 

.414  i-i    330.22         0.53 
.416  (8)    336.44        0.60± 
.545  (4)    328.16 - 


6". 

1 

4 

4-2 

4 


L897.458         331.61         0.53  ('97.414) 

See,  326.8  0.44 

(!)  Elongated.     (This  measure  is  rejected). 
(>  Distinct.     (3)  Good. 
(4)  Not  quite  separable. 


p.*  Booth  =  2"  19c 
a  =  15h  20m.7     , 
80.62 
86.40 

77.1  1 
79.03 

77.00 


1897.545 
.687 

.695  O 

.cos 

.733(2) 


8.      6*.5 
6  =  37 
1.04 

.99 

1.22 
1.01 


8". 


4 

4 

4 

4-2 

4-2 


1897.672  80.16        1.06 

See  80.73         0.86  ('97.666) 

(])  Elongated.      (2)  Difficult. 


02 

298.     r 

,  7».4. 

a  =  15" 

32"'.4     , 

8  =  40°  9' 

1897.309 

177.42 

1.31 

6-3 

.545 

178.40 

1.14 

4 

.687 

182.11 

1.18 

4 

.695 

179.39 

1.2S 

4-2 

.733 

183.04 

1.22 

4-2 

1897.594 

180.07 

1.23 

See, 

180.64 

1.08 

tScorpii  =  2:  199S.     .V  ,  5\2. 

a   =    l.V'  .-.S"'.!>     ,      8  =  — 11°  5'. 

1897.545  0    222.6 

See,  216.4  0.84 

(')  Elongated. 

a- Cor.  Horn, /Is  =  2'  2032.     6"  ,  7 
a  =  10h  11™     ,     8  =  34°  7'. 

1S07.I11         211.-11         4.34 
.4250    211.05 


University  of  Pennsylvania,  1S97  Oct.  11 


.436  212.44 

.468  200.02 

.545  21o.o:. 

.687  213.75 

.695  0  21'2-88 


4.51 
4.55 
1.38 
4.33 

1.17 
4.60 


I 

I 

4 
4-2 

4 
4-2 
4-2 


1897.524        211.76        4.45 
See,  211.22         4.30 

(')  Somewhat  blurred.     (-)  Images  diffuse. 

IHerculis  =  2T2084.     3M  ,  0M. 

a  =  10''  37"'.G     ,     8  =  31°  47'. 

1897.545  0  14.62  1.21  4 

.695  10.30  1.01  4 

.698  16.55  0.82  4-2 

.733  0  H07  4-0 


1897.678 
See, 


13.14 
11.49 


1.01 

.78 


(')  Distance  evidently  in  error. 
(-)  Elongated;   difficult. 

Z  2173.     6M  ,  6". 

a  =  17h  25™.3     ,     8  =  — 0° 

1897.545         340.24         1.28 

.687         335.18         1.18 

.733         335.65         1.14 


4-6 
4-8 
4-6 


1897.655 

See, 


337.02 
335.2 


1.20 
1.19 


The  distances  were  measured  with  much 
care,  on  account  of  the  remarks  of  Dr. 
See  (Evolution  of  the  Stellar  Systems, 
p.  197).  The  uncertainty  of  the  mean 
will  hardly  exceed  0".l. 


F70  Ophiuchi  =  22272.     4».5  .  6". 

a  =  18h  0"'.4     ,     8  =  2°  83'. 


1S07 

,11  1 

280.37 

2.20 

4 

.416 

280.22 

2.00 

4-2 

.425 

27S.SS 

2.16 

4 

.436 

276.  os 

2.1  1 

1 

,460 

277.22 

1.96 

4-2 

.468 

277.04 

1.02 

4 

.537 

27C.11 

2.06 

4-2 

.545 

27S.I7 

2.02 

4-2 

.644 

0 

277.20 

2.10 

4 

.657 

275.60 

2.02 

4-2 

.663 

276.34 

1.0  1 

4-2 

.COS 

o 

276.06 

2.08 

4 

.671 

275.4  1 

2.03 

4 

189 

-.539 

277.41 

2.05 

(')  Somewhat  blurred.    ('-')  Images  unsteady. 


1S07 


.425 
.436 
.668 


A.C. 

218.04  98.64 

217.57  99.06 

218.75  98.36 


4   2 


1897.510 


218.12      98.68 


QDelphini  =  0151.     4M  ,  6". 

a  =  20h  32"\9     ,     8  =  14°   15'. 

1897.537  355.4  0.86  4 

.687  0  35L2  ±  4 

.695  359.S  o.so  4-2 

.733  358.0  0.72  4 


1897.663 

See, 


356.1 
359.1 


0.79 

0.72  ('97.655) 


The  second  observation  should  perhaps  I"' 

omitted. 
(!)  Elongated. 

85  Pegasi  =  ft  733.     6s'  ,  10M. 
a  =  23"  56'".9     ,     8  =  26     S  I '. 
1897.722  0    226.3  0.83         4-2 

.760         230.1  1 


1897.741 

See, 


228.2 

222.0 


0.83 
0.70 


(')  Distinctly  visible  at  intervals,  but  very 
difficult.     Could  make  no  other  measures. 


OBSERVATIONS   OF   VARIABLES   OF   LONG  PERIOD, 


By  PAUL  S.  YENDELL. 
4511.     T  Ursae  Majoris. 
From   1897  April  28  to  August  5,  I  observed  this  star 
thirteen  times.     A  maximum  of  8M.4  is  indicated  on  June  6. 
At  the  last  date  the  star  was  estimated  as  10M.S. 
4521.     1!  Virginia. 
Seven  observations,  from  1897  April  29  to  June  27,  indi- 
cate a  maximum  on  May  23. 


4847.     S  Virginia. 

I  observed  this  star  from  1S97  April  29  to  Aug.  5.  At 
the  first  observation  it  was  estimated  as  of  9\3,  from  which 
it  increased  steadily  to  a  maximum  of  6M.S,  which  was 
passed  June  21 ;  both  the  increase  and  decrease  being 
sharply  marked.  At  the  last  observation  it  had  fallen  to 
7M.9. 
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,"..">o| .      S  Serpentis. 

Big]  itions,  from  1897  April  29  to  August  17. 

>h,.u   a  maximum  of  8".l   on  July  7.     The  star  was  first 

i   May  I.  when  it  was  estimated  as  H'".  from  which 

i    steadily  to  the  maxiu  -    to  9".5,  its 

light  when  last  seen,  being   considerably  slower  than  its 

increase. 

5955.     R  Draconis. 
1  have  fifti  ations,  from   1897  May  I  to  Lug    5, 

which  show  a  maximum  of  7".8  on  June  13.     It  was  about 
erved,  and  at  the  lasl  date  had  dei 

6005.      s'  Draconis. 
Fifteen  observations,  from   is;i7  M,i\  23  to  Sept.  29,  in- 
dicate a  minimum  of  about  10"  on  August  5.     The  decline 
Erom  the  first  observation  was  about  a  magnitude,  and  the 
increase  up  to  the  last  date  was  about  1".2. 

6160.     RT Hermits. 
A  faint  maximum  of   this  star  is  in. Heated  mi   1N'.I7  dune 
27,  the  highest   light   reached  being  9".7.      The  phase  is 
unite  distinctly   marked,  both  the   increase   and  decrease 
being  sharp  and   di  finite.      When   last  seen,  August    17, 
loss  '•'.  ,i-  esl  imated  as  about    L0M.6.     The 
observations  are  fifteen  in  number,  from   ls(.)7   May  13  to 
L5,  on  both  of  which  dates  the  star  was  not  seen,  the 
limit  of  vision  assigned  Ln  both  cases  being  about  11". 
Dorchester,  Mass.,  1897  Oct.  3. 


6512.      THerculis. 
Ten  observations,  from  1897  June  22  to  August  20,  show 
a  maximum  ol   7    5  on  J11I3  22.     The  star's  light  was  esti- 
mated as  8*.8  at  the  first  observation,  and  at  the  last  astir.".. 

726J       B  Delphini. 
Nine  observations  of  this  star,  from   L897  August  '_'.  when 

n  was  estimated  to  be  8".8,  to  September  25,  when  it  had 
faded  to  9M.5,  show  a  maximum  of  8".2  on  August  lo.  The 
rise  and  decline  were  both  rapid,  and  the  maximum  was 
w  ell-defined. 

7560.     R  Vulpeeulue. 

This  star  was  first  observed  when  very  near  its  maximum, 

mi   1897  Jubj   30,  ii-  light  on  that   dale  being   b\   estimation 

8».0.     Seven  observations,  the  last  on  August  29,  indicate, 

i  ■,'    on    tccounl  of  bhe  small  increase,  a  maximum 

of  7M.8   on   August  6.      At   the   last  observati it    had 

dropped  to  8*.8. 


Through  an  error  in  plotting,  the  observations  published 
in  this  Journal,  Vol.  XVII,  p.  192,  as  of  V '  Andromedae, 
were  of  a  star  about  four  minutes  following  Anderson's 
star.  Two  observations  of  V,  on  1897  August  20  and  26, 
are  fairly  in  accord  with  Parkhi  rst's,  published  on  p.  •"><> 
of  the  current  volume,  being  estimated  respectively  as  10" 
and  10  A" 


OKB1TAL   MOTION 


OF   THE   COMPANION 

By  .1.  M.  SCHAEBEELE. 


TO    PROCYON, 


It  is  now  practically  certain  that  the  companion  to 
Procyon,  which  I  discovered  last  November,  is  the  disturb- 
ing body  whose  exi  b  m  e  B]  ssel  predicted  half  a  century 
ago. 

i  >n  several  mornings  during  the  present  season  I  saw  the 
companion,  but  was  unable  to  obtain  satisfactory  measures 
owing  to  the  lack  of  jood  seeing  at  the  particular  times 
when  the  telescope  was  available.  The  rough  measures  in- 
dicated that  the  position-angle  had  increased  some  eight  or 
ten  degrees. 

This  morning  the   seeing  was  excellent;*  the  mean  of 

•As  an  indication  of  the  actual  brightness  of  the  companion  I  can 

that  my  lasl  measure  was  made  ten  minutes  before  sunrise, 

and  on  sighting  along  the  outside  of  the  telescope  tube  Procyon 

could  no  longer  be  seen  with  the  naked  eye  in  the  bright  morning 

sky. 

L'u-k-  Obs(  rvato  ornia,  1897  Oct.  9. 


eleven  good  determinations  of  the  position-angle  and  twenty- 
three  measures  of  the  distance  gives 

1 897  ( >ct.  8,  17h,  P  =  324°.09  ±0°.18  ,  J  =  1".70  ±0".03 
the  probable  errors  of  a  single  observation  being,  respec- 
tively, 0°.6  and  0".15. 

At  the  time  of  discovery  (see  A.J., No. 389)  the  position 
was 

1896  Nov.  13,  17\     /'  =  318°.8  ,  J  =  4".59 

The  present  annual  increase  in  the  position-angle  is  there- 
fore about  6°.  On  the  hypothesis  that  the  period  is  10 
years  the  mean  annual  motion  would  be  9°.  As  the  com- 
panion is  ahead  of  its  predicted  place  it  follows  that,  the 
difference  between  the  theoretical  (circular  orbit)  and  ob- 
served place  is  diminishing  at  the  rate  of  about  3°  per 
annum.  The  true  orbit  is  therefore  either  quite  elliptical 
or  much  inclined  to  the  line  of  sight,  or  both. 


ON  THE  OBJECT  IX  THE  NEBULA  OF  OBION  ANNOUNCED  IN 

Bl    P.    P.    LEAVENWORTH. 


A.J.  414, 


On  further  investigation    it   seems  certain   that  the  star 

announced  in  my  communication  to  the  .1../.  No.  11  I.  

not  exist,  notwithstanding  the  great  probability  as  shown 


by  three  successive  appearances  on  the  photographic  plate. 
I  wish  to  give  a  detailed  account  of  their  appearance  on 
the  plates. 
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On  Sept.  22  and  23  two  photographs  of  the  nebula  in 
Orion,  taken  by  Mr.  Newkirk  al  this  observatory,  showed 
a  starlike  nucleus  on  the  southern  edge  of  condensation  G.1 
In  appearance  they  were  almost  exactly  similar  to  the  slur 
671,  both  in  intensity,  anil  in  nebulous  form.  A  plate  on 
Feb.24  shows  a  much  fainter  condensation  in  the  same 
place.  In  order  to  test  the  reality  of  this  variation,  an- 
other photograph  was  taken  on  the  next  following-  clear 
night,  Sept.  26.  On  it  was  found  a  spot  identical  in  ap- 
pearance and  position  with  those  of  previous  date.  This 
seemed  \  er\  strong  evidence  of  anew  star,  and  it  was  so 
announced. 

However,  between  Sept.  27  and  Oct.  4  Prof.  Barnard 
examined  this  part  of  the  nebula  on  several  nights,  but 
found  no  star  there  as  bright  as  the  1  1th  magnitude.  Also 
on  i  ict.  .">  and  6  photographs  taken  here  failed  to  show  any 
starlike  condensation. 

I  have  therefore  made  a  second  very  careful  investigation 
of  these  plates.  The  distances  of  the  new  spot  from  five 
neighboring  stars  was  measured  with  the  Repsold  measur- 
ing machine.  The  result  showed  that  the  spots  on  Sept.  23 
and  20  differed  by  about  0.015  mm.  or  less  than  1".  On 
Sept.  22  there  is  a.  difference  of  about  0.1  mm.  or  6"  toward 

'See  Pub.  L.  Mc.Cormick  Observatory,  Vol.1,  Parts,  p.  45,  or 
Wash.  Ast.  and  Met.  Obs..  Vol.  XXV,  Appendix  1,  p.  9. 

University  of  Minnesota,  1897  October  13. 


■nih.  t»n  Feb.  24  the  spot  was  so  faint  that  it  was 
observed  with  great  difficulty.  Its  place  differs  from  thai 
of  the  26th  by  about  0.07  mm.  or  I".  The  uncertainty  of 
mea  uremenl  maj  accounl  lor  this  discrepancy,  bui  the 
displacement  of  Sept.  22  is  without  doubt  real,  making  it 
certain  that  the  object  is  not  a  star. 

A  second  careful  scrutiny  of  all  the  plates  showed  there 
was  a  faint  nebulous  line  or  series  of  condensations  running 
from  /'to  G.  Prof,  Stone  mentions  one  of  these  in  his 
nolcs  on  the  nebula  of  Orion.Q)  It,  is  also  shown  in  a 
photograph     printed     in     PICKERING'S    "  Investigations    in 

A.str mical    Photography."8    In  this  latter,  the  appear 

ance  is  similar  to  that  ordinarily  shown  on  our  plates. 
Where  this  nebulosity  joins  G,  is  the  point  of  variation. 
The  starlike  condensation  appears  in  every  case  in  this 
faint  mass. 

The  condensation  seen  by  Prof .  Stone  seems  also  to  vary 
in  a  similar  manner  but  not  to  so  great  an  extent. 

We  are  finally  led  to  conclude  that  there  is  considerable 
variation  in  the  brightness  of  this  faint  nebulosity  between 
/'"and  G,  or  else  that  our  photographs  can  not  be  relied 
upon  for  faint  detail. 

(J)  Pub.  L.  McCormick  Observatory,  Vol.  I,  Part  7,  p.  277. 
('-)  Annals  of  Harvard  College  Observatory,  Vol.  XXII,  Part  1, 
Plate  II,  Fig.  0. 


NEW   ASTEROIDS. 

DG       12!b     1897  Sept.  1     10     (XO  Nice  M.T.      a  =  22h27'"lGS     S  =  +12°    6 
I'll       12.0  1     10     0.0  22  30  48  +   6     8 

DJ        12.5  2       0  35.0  22  22  12  -  4  38 

Discovered  by  Charlois,  the  first  two  on  Aug.  25,  the  last  on  Aug.  27. 


Dailj'  motion,  —48  and  4  southward. 
_60    "    1 
"  "         -48    "    3  " 


COMET  h  1897 

A  comet  was  discovered  on  Oct.  1(5  by  Perrine  at  the 
Lick  Observatory.  It  is  described  as  of  the  eighth  magni- 
tude, with  a  well-defined  nucleus,  a  coma  2'  in  diameter, 
and  a  short  tail.  Four  positions  obtained  at  the  Lick  Obser- 
vatory have  been  communicated  by  telegraph  as  follows  :  — 

1897  Gr.  M.T.  1° 

Oct.    16.7398     a  =  3  36'"  7*6     8  =  +66  46  44"    Perrine 

Perrine 
Hussey 
Tucker 


The  last  of  these,  obtained  with  the  meridian-circle,  is 
subject  to  some  doubt  owing  to  the  non-correspondence  of 
the  control-word  of  the  dispatch  with  the  other  data. 

The  following  orbit,  computed  by  Hussey  and  Aitken 
from  the  first  three  of  the  above  positions,  was  also  received 
by  telegraph. 


16.7398 

a   =  3  36  7.6  8  = 

+  66  46  44 

17.7121 

Mi)  25.7 

68  17  13 

18.6498 

24  2.2 

69  43  54 

18.9011 

22  r,.r< 

+  70  7  11 

T  = 


Elements. 
1897  Dec.  9.23  Greenwich  M.T. 


O) 

= 

66 

28) 
38  \ 

tt 

= 

32 

1897.0 

% 

= 

69 

S'l 

= 

1.3525 

Ephemehis 

FOR 

Greenwich 

M 

DNIGHT. 

a 

s 

a 

I 

Br. 

1897  Oct.  20.5 

3   7  50 

+  72 

32 

1.09 

24.5 

2   8   0 

78 

1 

28.5 

0   2  40 

81 

20 

Nov.  1.5 

21  23   8 

80 

40 

1.12 

This  orbit  and  the  first  three  positions  above  given  were 
promptly  circulated  by  Mr.  Ritchie,  by  circular  and  other- 
wise. 
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OBSERVATIONS   OF  COMET  &  1897  (perrine), 

UAD1       LT     THE     LICK     OBSERVATORI      01       nil       i\i\ii:-ii\      m      .    \i.iiih;nu. 


Mt. Hamilton  M. T. 

h       m       » 

Oct.  16     9  38   18 

17     8  58    19 


No. 
( lomp. 

10  ,  8 

11  ,  8 


Bi    C.    D.    PERRINE. 

la  /S 


#': 


tog  A 


-d  16.3S   I    -6  12.J 
-1     3.11        -5  52.1 


3  36 
3  30 


f.58 
25.72 


f  66   16  43.6 
\  68   17  13.0 


wO.02 
&0.07 


for  8 

»9.9]  l 
»9.132 


Mean   Places  for  1897*0  of  Comparison- Stars. 


::  36  15.60 
3  31  20.12 
:;  :;|    15.68 


Red   to 
app.  place 

8 
+8.71 
+  8.76 


+  66  52  44.3 
+68  22  53.1 
+68  29  28.7 


Red.  i" 
app.  place 

+ 1 1 A 
+12.0 

t  l  l.i; 


Authority 

\  G.  Christiania  623 

\1  ici  ometer-comparisorj  with 

A.(i.  ( Ihi  isl  iania  622 


*3 


OBSERVATIONS   OF  COMET  b  L897, 

IU   .1.  (..   PORTER. 


(  in.innati  M.T. 
1897  b        mi       s 

Ocl    is     9  33  33 
22     8  52  27 


Xo. 
Comp. 


#-* 


la 

■  l'"  .\:r, 
+  1    11.57 


/S 


'a  apparent 


+  2     1.2 
-3  26.7 


1  69    12  56.2 
4-7.-.  33     1.8 


O.l'O 


8      |+1    II. .".7    |    -3  26.7    J    2    12  6.49 
Mean   Places  for  1897.0  of  Comparison- Stars. 

Red.  to  Red.  to 

app.  place  8  app.  place  Authority 

I  +  !Ui7  I  +69°  10    l-.l  !  +  12*9  I  Christiania  A.G.  Catal.  604 


&0.046 
nO.181 


(or  S 

b0.190 
wO.375 


2    1"   13.96      +10.96     +77.  36     9.7     +18.8     I'.onn  +75°107;   Kasan  A-G.  Zones 


OBSERVATIONS  OF  COMET  b  1897  (perrine), 

MADE  AT    Mil     SCHOOL  01     SCIENCE  OBSERVATORY,    PRINCETON,  K.J. , 
By  TAYLOR  REED. 


18  fi  Greenwich  M.T. 
Oct.  18     14  45mll 


No. 
Comp. 


6>—  * 


(j/'s  apparent 


la  j8  a  6 

1.1       |+2  32J      |    +  I  25J    i    3  24™]  C.9      |    f69    10  51.4 
Mi  an   Plaa  for  J 897.0  of  Comparison- Star. 

Red.  to  £  Red.  to 

*  a.  app.  piace  O  app.  place  Authority 

1    |    3  2im33,'.2    I    +9.0    I  +69  36  12.9  I    +13.4    |     Oeltzen's  Argelander  3771 
Ja  was  measured  by  eye  and  ear  transits. 

Five  direct  comparisons  with  DM.  +09=217  give  I5h  21™  7-  6r.  M.T.     J«<  (4  ■—  *  < 
All  measures  were  taken  with  the  filar  micrometer. 


logpA 
for  a  forS 

ra0.030    I  &0.185 
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resignation  OF  THE   DIRECTOB  of  the   lick   observatory. 

After  a  continuous  connection  with  the  Lick  Observatory  for  twenty-three   years,  and  a  service  at    Mount    Hamilton  since  1888,  I 
have  terminated  my  official  relations  with  the  Observatory,   to  take  effect  on  December  :J1,    1*117. 

My  address  after  October  1  will  be  as  follows  :     Ki'u  v  1: 1 »  S.   Holden,  Smithsonian   Institution,    Washington,   !>.<'. 


CON  I   ENTS. 

On  the  Causes  of  im    Sun's  Eqi  ltoriai    Acceleration    \n Sunspot  Period,  by  E.  .1.  Wilczynski. 

bs  "i    Doubli  Stabs,  bi    Eek    Doolittle. 
Obsess  \iion~  01    Variables  of  Long   Pj  biod,  bi    I'm  i   S.  Fendell. 
Orbital  Motion  of  the  Companion   ro  Pbocton,  bi   .!.   M.  Schaeberle. 
(in  mi    1  rHE  Nebula  of  Obion  announced  in  A. J. 414,  bi    F.  P.  Leavenworth. 

New    A8TEROID8. 

Comet  6  1897. 

OB8EB\  I  OMET  &  1897  (PERRINE),    iiv   C.   D.   Pbbbine. 

(  Ibsebv  nitons  01    Comet  £  L897,   bi   J.  <■.  P01 

Observation  1897  (Pebbinb),  bi   Taylor  Reed. 

Resignation  01   the  Director  of  thi    Licb  Obsebvatoby. 
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NOTE  ON  DOUBLE  STARS  DISCOVERED  AT  THE  HARVARD  OBSERVATORY, 

AREQUIPA, 

By    R.     T.     A.     INNES. 


In  the  Harvard  Circular,  No.  18,  of  29  July  last,  Prof. 
Pickering  calls  attention  to  a  list  of  double  stars  found  at 
Arequipa  with  the  13-inch  refractor  six  years  ago.  I 
desire  to  record  a  respectful  protest  against  the  belated 
publication  of  a  list  of  double  stars  in  such  a  form.  Many 
observers,  myself  amongst  the  number,  have  been  devoting 
their  time  to  a  search  for  southern  double  stars,  and  we  are 
suddenly  confronted  with  a  list  of  blank  numbers  published 
without  particulars  as  to  distance,  angle  or  magnitude  of 
the  companion,  beyond  the  general  statement  that  the  prin- 
cipal star  is  of  the  sixth  magnitude  or  brighter,  and  that 
the  distance  is  under  30",  and  that  those  stars  found  in  the 
Catalogues  of  Herschel  and  Russell  have  been  excluded. 

Such  vague  statements  are  very  apt  to  be  misleading, 
and  are  as  a  matter  of  fact  inaccurate  in  particular  in- 
stances. 

I  have  drawn  up  a  list  of  the  positions,  etc.,  of  the  stars 
whose  numbers  are  recorded  by  Prof.  Pickering,  and  it 
will  be  found  below.  The  first  column  gives  the  number 
(from  Prof.  Pickering's  list)  of  the  star  in  Gould's  Cata- 
loffo  Gen.  Argentina  ;  the  second  column  the  star's  usual 
name  ;  the  third,  its  magnitude  from  the  Harvard  Southern 
Photometry,  or,  failing  that  source,  the  C.G.A.;  the  next 
columns  give  the  right-ascension  and  south  declination  for 
1900  ;  and  in  the  last  column,  headed  remarks,  the  letter  T 
is  from  Prof.  Pickering,  signifying  that  the  star  is  triple 
or  multiple ;  it  further  contains  any  reference  I  have  been 
able  to  find  to  the  star  as  a  double,  if  under  15"  in  distance 
for  sixth  magnitude  stars ;  beyond  that  distance  I  have  not 
collected  any  notes;  and  the  word  "New"  must  be  subject 
to  that  limitation. 

An  inspection  of  my  list  will  show  that  Prof.  Pickering 
has  included  several  pairs  by  Herschel  and  Russell, 
besides  many  pairs  found  years  ago  by  other  observers, 
including  well-known  stars  of  Burnham,  and  even  a  pre- 
viously (1867)  discovered  Harvard  pair. 

It  will  be  seen  8 Argus  is  included  as  double  (not  triple) 
in  this  list.  Now  this  star  appears  as  a  double  in  Her- 
schel's  list,  and  I  found  some  years  ago  that  the  chief 


star  is  itself  double.*  To  which  companion  does  Prof. 
Pickering  refer?  We  have  no  means  of  ascertaining 
whether  the  star  is  inserted  as  a  previous  discovery  to  that 
of  mine  in  1894  or  to  Herschel's  star. 

Prof.  Pickering  mentions  that  all  stars  to  the  limit  of 
sixth  magnitude  south  of  —30°  were  examined  for  duplicity 
under  very  favorable  atmospheric  circumstances,  and  it 
might  be  inferred  that  a  search  with  smaller  telescopes 
within  the  limits  assigned  would  be  fruitless.  That  this  is 
not  so  may  be  seen  by  reference  to  the  lists  of  new  pairs 
found  here,  and  published  in  the  Astr.  Nachr.,  Nos.  3419 
and  3438  and  elsewhere.  It  is  also  interesting  to  record 
that  \f/  Argus,  found  with  a  6-inch  on  the  Andes  in  1884 
and  since  seen  double  here,  escaped  rediscovery  at  Are- 
quipa; but  as  this  pair  is  in  motion  it  may  have  been  too 
close  to  have  been  seen  in  1891. 

In  my  sweeps  with  the  6.9-inch  of  the  Cape  Observatory 
I  have,  practically,  examined  all  the  brighter  stars  of  the 
southern  hemisphere,  and  am  gratified,  although  somewhat 
surprised,  to  see  the  large  number  of  double  stars  which 
were  beyond  my  reach.  Since  receiving  the  list,  I  have 
looked  at  some  of  the  new  stars,  but  with  very  poor 
success.  I  find  Lac.  6735  has  two  distant  companions 
(11"  and  12*,  40"  ±N.) ;  Lac.  6793  a  10M,  25"  S. ;+  P.  XVI, 
255,  I  noted  but  one  comes  12M,  12"  S.  f .  Lac.  7123  is  a 
fine  difficult  pair,  comes  11M.5,  3"±,  90°±,  and  a  40"  star, 
11M.5,  N.  f.  I  had  swept  on  Lac.  6066  some  months  ago, 
when  I  estimated  it  as  follows:   92°±  1".9  ,  5M.7  and  '.)".(). 

I  feel  sure  astronomers  will  be  glad  to  have  further  par- 
ticulars of  all  the  stars,  and  trust  that  Prof.  Pickering 
will  publish  them  soon. 

•M.N.,  B.A.S.,  Vol.  LV,  p.  31?.. 

f  I  would  not  now  insert  these  in  a  list  of  double  stars.  I  would 
refer  to  Prof.  Burnham's  well-known  opinion  on  this  subject.  If 
such  a  distance  is  to  be  included,  I  can  only  say  that  many  of  tin- 
Cape  Photographic  Plates  that  I  have  looked  at  have  such  pairs  in 
the  richest  profusion,  and  the  motion  in  all  such  pairs  is  so  very  slow 
that  they  may  well  be  left  for  comparison  with  plates  taken  in  cen- 
turies to  come.  It  is  of  course  possible  that  the  stars  referred  to 
have  closer  companions  than  I  could  see. 

(05) 
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in  kn     Doiltl.K    Si  A  i:^    ii;u\l    IIakvarD    CIRCULAR    No.   IS. 


1900 

1 .1..  \. 

Name 

Mag. 

a 

8 

Remarks 

451 

/j,  Toucani 

4.5 

1,           Ml 

ii   27.0 

63  31 

T    Pi  and  /So  Toucani  =  Dnnlop  1.     As  a  triple,  new 

ISM 

Lac.  130 

7.0 

ii  28  8 

55  53 

T    <  il,l  double  =  /.  S376,  chief  star  double  =  Inn,-  45 

684 

U.A.  04  Toucani 

6.7 

li    10.2 

63    3 

Cordoba,  Vol.  1.    Found  L878 

702 

Lac.  207 

5.7 

0  41.1 

is     6 

\  1   V. 

7  so 

Lac.  236 

o.o 

0  47.2 

II    17. 

Innes  47 

1 1 12 1 

/3  Phoenicia 

3.4 

1     1.6 

17    17. 

T    OKI  double  by  h,  chief  Btar  double  =  Sellors  1 

111)7 

Lac.  353 

5.4 

1  11.(5    . 

69  21 

Innes  U7 

2412 

Lac.  717 

5.4 

2  16.7 

7,0  24 

New 

2992 

Lac.  896 

5.6 

2  43.3 

01      s 

New 

3487 

Lac  1016 

5.9 

3     8.9 

1  1    17 

T    h  ;!"j50.  Chief  star  double  =  Innes  55.  Sellors  or  Jacob 

43G8 

Lac.  12S0 

5.6 

3  7-0.9 

10     10 

New 

1395 

Lac.  1304 

6.3 

3  52.0 

7,2  59 

New 

IS  17, 

Lac.  1  130 

6.3 

4   lis 

01    12 

Found  at  Sydney 

5295 

n  Caeli 

4.5 

4  37.3 

12     3 

New 

6494 

Lac  1922 

6.6 

5  29.7 

0     0 

New 

6633 

«  ( lolumbae 

2.7 

5  36.0 

34     s 

New 

701  1 

1'.  VI.  138 

(1.0 

6  24.9 

32  is 

,-;  7">3 —  originally  wrongly  Identified  a*  >  Canis  Mujoris 

7990 

Lac-;;;;;; 

5.3 

G  27.3 

50  10 

T    The  wide  pair  was  noted  by  Dnnlop;  close  pair  is  Sellors  7,  ; 
also  seen  by  Kusse]]  m  1879 

8093 

P.  VI,  182 

7,.  7 

6  .32.1) 

36  42 

T    h  3875,  chief  star  double  =  /S  7.",.", 

9234 

Lac.  2710 

5.8 

7  11.9 

46    11 

New 

miss 

P.  VII,  225 

5.3 

7  43.9 

38  16 

Innes  101 

10335 

1".  VI  1,250 

5.0 

7  4S.5 

34  27 

Howe  9 

L0496 

A  l'uppis 

5.2 

7  54.1 

43  7,o 

Triple,  communicated  by  Prof.  See 

llo;>7 

t '  ( larinae 

5.3 

S  13.8 

62  36 

Gilliss91.     Cape  in  187-',.     linssell  82 

LI  712 

Lac.  2936 

6.5 

8  35.'.) 

7,2    11 

New 

1  L727 

P.  VIII.  74S 

5.3 

8  36.6 

39  7,1 

Innes  69 

11SS7 

8  Argus 

2.0 

8  42.0 

7,4   20 

As  a  double  star  noted  by  h.  the  chief  star  is  double  =  Innes  10 

12035 

f  Vclorum 

5.2 

8  47.1 

46  10 

See  A.N.  3419  —  also  previously  found  by  Prof.  See 

12101 

Lac.  3609 

5.4 

8  49.2 

00  20, 

New 

12180 

//  Velorum 

4.7 

8  53.3 

52  20 

Russell  S7 

13135 

Lac.  3950 

(1.7 

9  32.8 

48   is 

Russell  125 

15795 

V.  XI,  105 

5.6 

11  28.7 

ID     2 

Innes  7S 

16200 

Lac.  1920 

5.1 

11  47.0 

0  1    30 

New 

16541 

ijCrucis 

4.3 

12     1.7 

64     3 

V      New 

L6612 

P.XH.247 

6.4 

1 2     4.9 

34     9 

T    Jacob  (1848).    Howe  18.    Melbourne 

L6690 

Lac.  5066 

6.5 

12     s.  1 

33   1  1 

T     Close  pair  =  Innes  217.     Third  star  not  noticed 

16793 

/•'i  lentauri 

5.0 

12  13.6 

7,1  ;;.-, 

New 

16845 

£;  Muscae 

5.3 

12  16.6 

oo  58 

\  1 1  w 

L6992 

Lac.  7,177) 

G.2 

12  23.2 

7,.-,   7,0 

New 

17  1":; 

Lac.  5278 

6.3 

12  41.4 

32  10 

New 

L7440 

i  Octantis 

5.4 

12  44.4 

si  35 

New 

177,il| 

La  .■■■■"■■■ 

5.8 

12  47.4 

.V.)   17 

New 

1  77, 1  1 

ix.  Crucis 

4.3 

12  48.8 

56  38 

T    Dunlop  126  =  35'.    Innes  noted  a  10*  at  4.")"  in  ISO.".— unpub. 

177,71' 

Lac.  5321 

5.6 

12  50.1 

7,0    17 

New 

L7907 

Lac.  5409 

6.4 

13     4.9 

00   2  1 

New 

L7936 

Lac  .',  us 

4.7 

13     6.0 

59   23 

Discovered  as  a  close  pair  by  Prof.  See,  and  communicated 

18174 

c7Centauii 

4.6 

13  16.2 

60  28 

T    New 

18492 

Lac.  5589 

(',..-. 

13  30.1 

01    11 

T    New 

18700 

.1/  ( lentauri 

1.6 

13  40.4 

7,0  7,0 

New 

1S77:; 

itauri 

3.3 

13  43.6 

11    7,0 

New 

L8863 

y  i  lentauri 

:,.  7 

13   17.7 

35  1 1 

T    Close  pair  =  Howe  25,  distant  comes  =  /S1108 

18931 

1.       7,7  in 

6.2 

13  7,1.0 

07,    10 

T    Comes  at  c,"  =  li  4632-   as  a  triple  =  new 

L8980 

Lac.  5761 

6.4 

13  53.3 

07,    17 

New 

19129 

0  Centauri 

.,  •» 

14     0.8 

35  52 

Dunlop 

19273 

Lac  5 

.-,.2 

11     s.o 

56  37 

V    New 

5  s  1 1 ; 

5.9 

1  1     s.7 

r,0     7 

New 

N°-417 


THE     ASTRONOMICAL     JOURNAL. 


67 


1900 

C.  G.  A. 

Name 

Mag. 

u 

S 

Remarks 

19295 

/,'  Centauri 

vav. 

h       m 

14     9. 1 

.v.i  27 

New 

19540 

Lac.  5934 

6.3 

14  20.8 

45   11 

T    New 

L9578 

Bris.4918 

6.3 

1  1  22.9 

07   L6 

T     \.'u 

19597 

Lac.  5950 

5.5 

11  23.7 

19     1 

T    New 

19679 

Lac.  5969 

6.5 

14  26.6 

52   1  1 

New 

19697 

Lao.  5983 

6.0 

11  27.2 

30  10 

(31112 

19741 

P.XIV,  110 

6.3 

11   29.2 

11     5 

New 

19746 

Lac.  5995 

5.3 

14  29.7 

15    19 

\  i  ■ « 

19873 

a  Lupi 

2.5 

14   35.2 

46  57 

New 

19916 

Lac.  6039 

5.2 

14  37.;; 

62  26 

New 

19934 

Lac.  6057 

6.2 

14  38.0 

55  10 

T    New 

19980 

Lac.  6059 

6.1 

1  1  40.3 

66  lo 

New 

L9988 

Lac.  6074 

6.5 

14  40.2 

51    17 

New 

20049 

Lac.  6066 

5.0 

14  43.2 

72  46 

92°±  1".9±  5«.7  and  9».0.     New 

20170 

Lac.  6105 

6.5 

14  49.1 

74  38 

New 

20203 

P.  XIV,  204 

5.3 

14  49.6 

33  27 

New 

20444 

Lac.  6209 

5.3 

14  5S.S 

40  41 

T    New 

20466 

T  Triang.  Austr. 

var. 

15     0.4 

68  20 

T    New 

20649 

8  Ch'cini 

5.3 

15     8.9 

60  35 

New 

20695 

Lac.  6272 

5.4 

15  10.8 

60     8 

New 

L'usm; 

t  Lupi 

3.6 

15  15.9 

44  20 

T    Old  pair  =  Dunlop  1S2,  chief  star  close  pair  noted  by  Cope- 
land  1883 

20811 

Lac.  6308 

6.5 

15  16.8 

67  57 

New 

20861 

k  Lupi 

4.6 

15  18.8 

38  22 

Quadruple  with  C.Z.  15M167  —  see  Innes  87.     Nearest  come* 
to  k  Lupi  =  00" 

20909 

Lac.  6376 

5.6 

15  20.9 

36  25 

T    New 

21078 

k.,  Apodis 

5.8 

15  29.2 

73     7 

T    New 

21153 

<i)  Lupi 

4.0 

15  31.3 

42  14 

New 

21177 

Lac  0) IS 

5.9 

15  32.1 

38  48 

New 

21319 

Lac.  6477 

5.8 

15  38.8 

65     8 

I"    Asa  close  pair  =  Riimker  20.     As  a  triple,  new 

21374 

Lac.  6521 

6.5 

15  41.0 

37  36 

New.     Large  proper  motion 

21421 

Lac.  6524 

5.7 

15  43.3 

54  45 

T    Asa  wide  pair  =  Dunlop  193.     As  a  triple,  new 

21  199 

Lac.  6546 

6.1 

15  47.2 

59  53 

T    As  a  4"  pair  =  h  4813.     As  a  triple,  new 

21559 

Lac.  6582 

0.5 

15  49.4 

39  34 

New 

21694 

t;  Normae 

4.8 

15  55.4 

57  29 

T    As  a  close  pair,  communicated  by  Prof.  See.     As  a  wide 
pair  =  /<  4825 

21767 

.       Lac.  6657 

6.4 

15  5s.o 

37  35 

New 

2182S 

P.  XV,  255 

6.5 

16     0.7 

36  29 

New 

21887 

P.  XV,  271 

6.0 

16     3.5 

33  15 

New 

21921 

k  Normae 

5.1 

16     5.6 

54  22 

New 

21974 

6  Normae 

5.3 

16     8.0 

47     7 

New 

21995 

Lac.  6735 

5.4 

16     8.8 

53  3  1 

New 

22124 

P.  XVI,  37 

6.3 

16  13.8 

39  11 

Innes  91 

22159 

Lac.  6793 

6.5 

16  15.4 

43  40 

New 

22534 

Lac.  6912 

6.0 

16  33.8 

18  34 

T    Quadruple  2"  Melbourne  1S7S:  9"  Innes  90,  10"  h  4S7G, 
others  more  distant 

22582 

Lac.  6906 

5.3 

16  36.6 

66  55 

New 

22598 

Lac.  6927 

6.6 

16  36.8 

52  58 

New 

22604 

Lao.  6946 

6.4 

16  37.0 

37  58 

New- 

22949 

Lac.  7052 

6.5 

16  52.0 

51  26 

New 

22970 

Lac.  7<)57 

6.9 

16  52.8 

56  24 

Washburn  131 

23018 

e„  Arae 

5.4 

16  55.2 

53     5 

New 

23035 

"P.  XVI,  255 

5.2 

16  55.4 

31  59 

r    New 

23098 

k  Scorpii 

5.0 

16  58.2 

33  59 

New 

23126 

Lac.  7123 

6.5 

16  59.5 

37     5 

T    New 

23358 

Lac.  7189 

6.2 

17     9.7 

35  38 

New 

23397 

Biis.  6022 

5.5 

17  11.4 

46  32 

T    As  a  triple,  new.     As  a  close  pair  =  Russell  297.     By  Cape 
observations,  a  binary  in  rapid  motion 

23448 

Lac.  7213 

6.4 

17  14.3 

57  55 

T    New 

23486 

i  Arae 

5.4 

17  15.8 

47  23 

New 

G8 
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1900 

1      (.    A. 

Nan  io 

Bfag 

a 

8 

l 

e  marks 

23515 

y  Arae 

3. 1 

li      ui 

17    17.ii 

56  17 

T    A4942.     17    and  28" 

23549 

k  Arae 

5.3 

17   L8.2 

50  33 

/'     New 

23597 

Lac.  7265 

6.3 

17  20.0 

52   12 

r    x.m 

23603 

Lac.  7263 

6.0 

17  20.4 

55     6 

T    New 

Lac.  7321 

6.7 

17  27.2 

53   17 

/       \,u 

23973 

Lac.  7381 

6.5 

17  36.3 

:,7  30 

\  1  ■ « 

•J  11  is 

Lac.  7419 

5.7 

17  42.5 

en    8 

New 

2  1 1 82 

i,  Scorpii 

i.:i 

17    13.1 

10     l 

New 

24218 

"  P.  X  V 1 1 .  236 

6.5 

17  44.5 

10  45 

Ni-\\ 

24407 

P.  XVII,  294 

:..l 

17  52.7 

30   L5 

V    As  a  5*  =  It  5008.     As  a 

triple,  new 

24483 

Lac.  7 17:; 

5.6 

17  55.7 

77.  53 

New 

24557 

Lac.  7542 

6.4 

17  58.1 

35  54 

N.'r, 

24570 

Lac.  7507 

6.0 

17  59.9 

7:;  41 

New 

24624 

Lac.  7540 

6.5 

18     1.1 

59    3 

Not 

24703 

t  Telescopii 

1.5 

18     3.9 

15  58 

Not 

24888 

,;  Sagittarii 

3.0 

18  10.9 

36  48 

/3  7GO 

25137 

7696 

5.8 

is  21.4 

7,7   35 

New 

25259 

P.  XVIII,  79 

5.5 

is  24.5 

33     3 

How.,  in  1877,  01128 

25527 

Lac.  7771 

6.2 

18  37.4 

7.",     6 

Russell  314 

25548 

A  Coronae  Austr. 

5.2 

18  36.9 

38  25 

\r« 

26026 

Lac.  7949 

6.0 

18  56.2 

51     '.i 

T    New 

26041 

,  -     tttarii 

2.7 

18  56.3 

30     1 

Harvard  ISO  In  1867 

26287 

Lac.  7997 

5.6 

1!)     7.1 

66  50 

Found  at  Sydney 

27354 

Lac.  8193 

6.0 

19  53.7 

:;7  58 

\r\\ 

27909 

ks  Sagittarii 

."'.7 

20    17.1 

41'    11 

(3  768 

28851 

Lac.  8625 

5.9 

I'd  58.8 

7:;  .".l 

New 

293]  1 

"   Microscopii 

5.9 

21    18.0 

tl  26 

(S766 

"  P.  XXI.  L07 

5.6 

21   20.6 

42  59 

Melbourne  in  1865,  /3 707 

30425 

Lac.  9076 

5.4 

22  11.7 

54     7 

New 

3081  I 

Lac. '.Us:; 

.-..7 

22  31.2 

41     6 

^771 

32446 

Lac.  9721 

5.G 

0     1.1 

19  38 

\,-\\ 

Royal  Observatory,  Cape  of  Good  Hope,  1897  Sept.  28. 


PROVISIONAL  RESULTS  OF  LATITUDE-OBSERVATIONS  I'.V  THE  IIORREBOW- 
TALCOTT  METHOD  AT  THE  ROYAL  OBSERVATORY  AT  PRAGUE. 

COMMl  \l(  ATKD    I!V    L.    WKINEK. 

Herewith  are  presented  the  resultsof  the  Prague  determi-        D»te 
nations  of  latitude  from  the  beginning  of  July  1896  t<>  tin- 
end  of  September  1S'.I7.     Observers,  Prof .  Dr.  L.  Weinek, 
Dr.  R.  Spitaler  (adjunct),  and  R.  Leiblein. 


!■■■; 

L 

50 

.">  1 5.76 

11 

I 

s 

L6.10 

11 

9 

L 

L5.79 

17 

11 

S 

16.06 

1  1 

12 

L 

L5.86 

17 

15 

L 

15.99 

16 

20 

- 

L6.04 

17 

- 

L6.36 

16 

14 

- 

16.39 

8 

28 

L 

L6.43 

8 

- 

L 

50 

5  L6  28 

1  1 

July  12      15.945  (106) 


Aug.  19      16.353     16) 


Oct. 


Nov. 


8 
9 
10 
12 
18 
21 

5 
(I 
Ki 
13 
15 
26 

Dec.    3 

8 

10 

11 


Obs. 

s 
s 
s 

L 

s 
s 
L 

s 
S 
L 
S 
s 
W 

w 

s 
s 

s 


50  5  16.48 
16.05 
16.16 
16.07 
16.10 
16.00 
15.88 

16.18 
16.10 
16.02 
15.84 
16.04 
1.">.77 


9 
17 
9 
8 
9 
16 
9 

9 

12 

16 

9 

9 

15 


15.96  8 

15.59  17 

15.82  7 

50  5  16.82  6 


Oct.  12      16.091    i  77> 


Nov.  13      15.980  (70) 


Dec.     8      15.747  (38) 
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Date 

1 891 

Jan.  20 
Feb.     3 


9 
13 
24 
26 

■I 
16 

:;o 


Mar. 


Apr.  9 
11 
23 
26 
30 

May  3 
24 

June  1 
2 
5 
8 


50  5  15.50 
15.51 
15.59 

15.95 
15.69 
10.10 
15.84 

15.73 
15.85 
15.98 

15.SS 
16.09 
15.89 
15.56 
15.71 

16.08 

(14.72) 

15.74 

15.77 

15.49 

50  5  16.23 


11 

12 

12 

11 

12 
6 

13 
9 

11 

12 

(1) 

7 
17 
12 


Menus 


28      15.511  (15) 


M         Feb.  17      15.802  (30) 


Mar.  16      15.850  (35) 


Apr.  20       15.814   (51) 


May  27      15.791   (50) 


Date 

1SU7 

June  1 1 
12 
13 
14 
i':; 
24 
26 
28 
30 


;,(i 


July  11  W 

12  S 

10  S 

Aug.    4      S 

11  S 

Sept.  25  S-r-W 

26  W 

27  S 
29      S 


15.77 

3 

15.50 

12 

15.71 

16 

15.79 

17 

15.83 

13 

16.03 

17 

15.95 

14 

16.14 

17 

16.02 

13 

June  21       15.SS3  (122) 


15.77  17 

15.85  8       July  12       15.804     (26) 

16.02  1 

16.24  11'      Aug.    8      16.295     (24) 

10.35  12 


15.95 
16.29 
16.23 
16.66 
30      S      50  5  16.30 


10 
17 
10 


Sept.  27      16.5 


(47) 


Note.     On  Sept.  2">,  Group  IX  was  observed  by  S.,  and  Group  1 
by  W.  (incompletely  on  account  of  clouds). 


Pray,  K.K.  Sternioarte,  1897  Oct.  15. 


OBSERVATIONS  OF   THE   SATELLITES  OF   SATURN, 

MADE   WITH   THE    FILAR-MICBOMETF.U   AND   26-INCH    BEFBACTOB   OF   THE    LEANDEB   MCCORMICK    OBSERVATORY, 

By  HERBERT   R.    MORGAN. 


In  the  following  observations  the  angles  are  each  the 
mean  of  two  comparisons,  except  in  case  of  large  disagree- 
ment of  results,  in  which  case  more  were  taken.  The  dis- 
tances were  obtained  by  measures  of  double  distances.  Cor- 
rections have  been  applied  for  refraction.  The  times  are 
Hasteni  Standard  (75th  meridian). 


1897 
June 


Enceladus-Tethys. 
Eastern  Mean  Time        p        Eastern  Mean  Time 


1 

12  44  25 

87.24 

12  53  27 

13  5  43 

86.34 

12  57  43 

6 

11  59  45 

297.63 

12  7  52 

O 

12  11  59 

UP) 

10  11  27 

218.45 

10  25  58 

10  36  12 

222.80 

10  30  30 

21 

8  40  28 

281.12 

11  30  30 

11  24  18 

283.80 

11  35  28 

11  45  24 

283.58 

o 

10  33  23 

128.61 

10  40  46 

10  53  4 

130.59 

10  45  54 

July     2 


(])  Too  taint  to  see  longer.     (-)  Poor  seeing. 
Enceladus—Dione. 


July  2     11  0  24 

0.10 

11  7  16 

11  18  36 

4.50 

11  11  4 

24(])   10  1  5 

19.95 

10  9  55 

10  25  55 

25.58 

10  15  53 

(')  Terribly  windy. 

9.21 

9.00 
5.79 
6.29 
5.20 
5.94 
9.38 
9.13 

24.04 
23.18 


18.36 
18.83 
18.83 
18.38 


Enceladus—Shea. 
1897        Eastern  Mean  Time       p        Eastern  Mean  Time 


Apr.  15C) 

12 

1  1 

11 

223.20 

12 

50  25 

42.54 

13 

2 

11 

224.58 

12 

55  43 

42.54 

July  2 

11 

30 

34 

335.36 

11 

39  14 

27.98 

11 

51 

1 

336.99 

11 

43  28 

27.35 

(J)  Good  seein 

g. 

Tethys-Dione. 

Apr.  22  O 

11 

47 

-,^ 

301.95 

June  3(2) 

11 

29 

0 

136.91 

11 

44  53 

15.98 

11 

33 

53 

138.29 

11 

55  16 

15.16 

21  (3) 

11 

57 

13 

24.16 

12 

5  3 

1S.20 

12 

32 

40 

29.84 

12 

23  46 

18.30 

"°i4) 

11 

20 

27 

75.06 

11 

27  39 

13.80 

11 

38 

22 

76.03 

11 

32  2 

13.62 

25(6) 

11 

29 

32 

108.51 

11 

35  42 

1 

23.68 

11 

47 

10 

109.54 

11 

40  14 

1 

23.48 

30(6) 

8 

59 

44 

45.39 

9 

20  41 

46.77 

July  30  (7) 

9 

31 

56 

1.42 

9 

40  3 

28.64 

9 

52 

59 

7. CO 

9 

45  11 

28.49 

Aug.  13(6) 

8 

10 

27 

88.05 

8 

47  17 

1 

32.35 

9 

6 

25 

89.10 

9 

0  0 

1 

31.54 

(!)  Smoky.     (-')  Windy,  cloudy.      (8)  Very  cloudy.      (4)  A  little  windy. 

(■"•)  Terribly  unsteady.  (''■)  Clouds,  blurred.         (7)  Poor  seeing. 

(9)  Poor. 


70 


Til  E     ASTRONOM  ICAL     Jul'  I;  N  \  L. 


N°-41i 


189" 
June 


J  uly 


Rhea. 
Mean  Time       i>        Eastern  Mean  Time 


1 
80(») 

30 

■ 


L2     1  39 

i  !    L9  56 

II  24  is 

11    13  35 

1.".   L9  in 

i:;  35  30 

8  24  11 

8    L8  ll 

in   in  23 

8  36  i  l 

'.i     2  17 


(')VerY  unsteady.     iJ)  Windy. 


77.58 
252.25 


252.80 
321.13 
322.56 
L19.67 

us.::, 
I  |.86 
308.]  I 
294  26 
(*)  Hazy. 


L2  15 

11   32  21 
1  i   36     8 


June 

(!)  Cloudy. 

Apr.    I'"!1) 

June 

Lli 

i  i  Moonlight. 


Tethys    Titan. 
L2  30   L5         ins. 09 
1.2  47  57         107.59 


13  24  5 

13  27  13 

8  31  12 

8    II  24 

in   is  L9 

8  52  39 

■J     8  57 


12  37  27 
12   10  25 


/.'  Ji  ea. 


12   18  II 

1 2  22  1 

12     5  18 

In   11  52 

in  52  0 

11    11  35 

11   17  32 
|  1 1  lou'dy. 


269  12 
269.77 

I'll'.. Ml 

100.94 
101.14 
100.92 
100.34 
i  i  Eazy,  moonlight. 


26  18 

30     1 


in 
11 


.-,n 
30 


29.66 
31  59 
32.40 

31.16 
31.55 
26.00 
26.29 
10.02 
50.99 
10.55 


0.00 
0.07 


24.17 
24.02 


Dione   Rhea. 
1  -~ *. •  T        Eastern  Mean  Time        j> 

June25(4)      ll"    2  27*  L12?49 

1  1    L'ii  ;,i  U1.98 

July    'J  12     2     8  297.03 

ll-  17    11  296.08 

30(6)        8  56    II  23.60 

9   15  -•'  23.45 

Aug.  12(«)        s  ;;"     5  50-97 

8  .mi  .v,  52.1  1 

13  7  55    10  61.98 

8  18  50  62.31 

O  Hazy.    (6)  Images  dancing,  (illazy. 


Cunt. 

Eastern  Mean  Time 

ll"    7":;i" 

Ll  12  7 

12     5  :'.l 

12  ll'  is 

9     2  51 

9     7  22 

8  37  7 

8  42  2 

8     6  L0 

8  10  7,7 


is.  IS 
18.23 
L6.41 
L6.46 
9.37 
9. 1 1 
27.05 
26.94 
L5.36 
15.27 


Apr.   20 
June  22(x) 


11   .",  8 

1 1  59  28 

11  53  12 

12  15  29 


Dione   Titan. 

L29.08 
L29.08 
112.30 

112.00 


12 
L2 

ll' 
12 


3  11 
8  8 
1  22 
7  45 


1   38.06 


36.55 

17.10 
47.37 


(')  [mages  jumping. 


Rhea—  Titan. 


Apr.  22(J) 

June     1 

(')  Very  smoky. 


11    2-1   33 
11  39  13 

13   is  l:; 


216.11 
216.87 

:::a;.us 


11  31    L6 
1 1  35  58 

l:;  7,;;     5 


1  51.66 

1  52.40 

46.74 


<  ( >MPAKIS<  )N  ( >F   11 1  B  (  ORDOBA  GENERAL  CATALOGUE  WITH  L.O.  310  STARS, 

By  R.  H.  TUCKER, 
an    115     bars  common  to  the  two  lists,  the  com- 
parison of    which  affords   a   fairly   good   estimate  of  the 
Results    of    previous    discussions 
Ldicated  that  the  list  observed  here  carries  the  sys- 
tem of  the  />'.•/.  down  to  the  limit  of  observation,  —40° 
declination,      ^s  general    confirmation   of   this    conclusion 
there  have  also  been  compared  the  79  stars  that  occur  in 
]:.■!.  and  G.G.C.  between  —10  and  —  31°,  and  which,  with 
but  fe  ao1  included  in  L.O.  310;  thi 

esults  are  given  below. 
The  places  taken  from  C.  G.  G.  are  the  means  of  the  separate 
have  been  brought  forward  with  proper  mo- 
tions from  the  standard  ephemerides.      In  the  comparison 
with  /,'.•/.  the  propermotionsof  the  latter  have  been  employed. 
The  direct  means  are  as  follows:    (Obs.  —  C.G.C.),  114 
stars,  Decl.  -1S°.4,  Ja  =  +  0*.006,z/S  =  -0".79.  v  Sagit- 
tarii  has  been  omitted  from  the  comparison,    (A8— 4".l). 
The  probable  errors  of  a  single  difference  are   ±0\038  and 
±0".07>0.     There  are  evident  systematic  variations  in  the 
mean   differences,    depending    upon    right-ascension,   and 
given  in  condensed  form  at  the  foot  of  Table  I. 

The    direct    means    (B.J.—  C.G.C.)    are:      78    stars, 
19  .1  .    /«  =    i  O'.Oll  .    18  =  -1".06.     The  differ- 
ences for  Sir! us  have  been  omitted.     The  probable  errors  of 
a  single  difference  are:      ± 0s. 039  and  ±0".45.      A  similar 
systematic  variation  with  right-ascension  is  evident. 


Table 

I. 

(Obs.  —  Gen. 

Catal.) 

2-hour  Groups 

R.A. 

Decl. 

No. 

Ja 

h 

0.8 

-11.8 

4 

+o!oi2 

2.8 

13.3 

0 

+  ii. ni:i 

5.0 

17.4 

10 

—  o.om 

7..'! 

25.5 

9 

—0.047 

9.0 

20.0 

4 

II.H27, 

11.0 

12.1 

4 

-0.020 

13.0 

10.1 

7 

0.041 

15.0 

10.S 

1  1 

-0.011 

17.0 

25.3 

14 

+0.018 

18.8 

l'ii.;, 

13 

+  0.040 

21.0 

1 8.3 

12 

+0.039 

.,..  ., 

-14.:; 

11 

+0.036 

Means 

-17.G 

+  0.001 

An        4  to  1 

7,    incl 

.   =    -IIJIL'.-, 

10    to 

:;      '• 

=    +O.H20 

Au  =  +0-.001    -0' 

.04  sin  (a  —  4 

AS        Firs!  12  hou 

■s  =  —1.15 

Lasl 

1  2 

=  -0.66 

(B.J.  —  Get 

.  Calal.) 

2-hour  Group 

R.A. 

Decl. 

No. 

J  a 

h 

1.7, 

-ir.:; 

0 

+  oV>:: 

3.1 

20.5 

7 

+  0.037 

5.4 

-1S.5 

8 

-0.040 

-1.65 

1.27, 
-0.86 
-0.86 
-1.12 
-1.17 
-0.79 
-0.56 
-0.25 
-0.68 
-0.80 
-0.88 

-0.91 


Jo 

-1.47 
-1.66 
-0.46 


No.  4i_7 
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li.A. 

ii 
6.8 
8.1 
10.8 
12.8 
15.3 
17.1 
18.9 
20.9 
23.0 

Means 


20.5 

6 

-0.023 

19.7 

2 

-0.095 

19.9 

8 

-0.016 

18.3 

7 

-0.024 

18.8 

7 

+  0.023 

20.5 

6 

+  0.023 

23.4 

4 

+  0.050 

15.S 

10 

+  0.052 

20.1 

7 

+  0.029 

-19.4 


-0.006 


JS 

-0.75 
-1.40 
-1.06 
-0.91 
-0.94 
-1.08 
-0.82 
-1.22 
-1.14 

-1.08 


z/«         4  to  15    incl.  =  -0.029 
16  to    3      "      =  +0.041 

Ju  =  +0B.006   -0S.06  sin(«-4h) 


J8        First  12  hours  = 
Last  12      «      = 


-1.13 
1.02 


The  variation  in  Ju  is  similar  in  character  to  that  found 
in  the  comparison  of  L.O.  310  and  the  American  Ephemeris, 
upon  which  the  right-ascensions  of  the  Cordoba  General 
Catalogue  depend.     This  variation  is  as  follows  : 


(Obs. 


Ja 


■A.E.)     4  to  15 
16  to    3 


-0.040 
-0.022 
0-.031  -0".02  sin(«-4h) 


In  Table  II  the  results  are  arranged  in  order  of  decli- 
nation, by  groups  of  10°  and  5°  respectively. 

Lick  Observatory,  University  of  California,  1897  Oct.  8. 


R.A. 

ii 
12.4 
16.0 
14.1 

12.8 
Means 

E.A. 

h 

1  1  ..". 

13.8 
11.2 

12.5 
Means 


(Obs.  - 
Decl. 

-  5°5 

16.1 

20.2 

-35.4 

-20.8 

(B.J. 
Decl. 

-12?7 

16.8 

22.5 

-28.5 

-20.1 


Taulk  IT. 
Gen.  Catal.)  10°  Groups. 

No.  Ju 

45  +0.002 

21  +0.001 

21  +0.021 

27  +0.006 

+  0.007 

-Gen.  Catal.)  5°  Groups. 


No. 

20 
25 
20 
13 


Ju 

+o!oi3 

+  0.00S 

+  0.009 
+  0.016 
+  0.011 


JS 

-0*78 

-0.88 
-0.38 
-1.05 

-0.77 

Jo 

-  L09 
-1.06 
-1.06 
-1.04 
-1.06 


There  does  not  appear  to  be  any  decided  variation  with 
declination.  The  catalogue-declinations  depend  upon  de- 
terminations of  the  zenith-point,  by  nadir,  and  upon  an 
invariable  latitude. 

As  conclusion,  the  corrections  necessary  to  reduce  the 
C.G.C.  to  the  B.J.  system  may  be  adopted  as  +0".01  and 
—  0".9,  with  variations  depending  upon  the  right-ascension. 

My  long  connection  with  the  Cordoba  Observatory  has 
made  this  comparison  a  subject  of  special  interest  to  me. 
The  wealth  of  material  which  the  extensive  catalogue  under 
consideration  contains  must  render  any  evidence  as  to  its 
place  in  standard  star  systems  a  desirable  object  of  attain- 
ment. 


EPHEMERIS  FOR  THE  RETURN"  OF  WINNECKE'S  COMET, 

By  C.  HILLEBRAND  (A.N.Ui~). 
For  Berlin  Midnight. 


log  A 


1  :  c-A- 


Oct. 

30.5 

12  24  39 

+  9  43.6 

0.43938 

0.032 

Nov 

3.5 

33  17 

8  58. 7 

.42910 

.034 

7.5 

42  8 

8  13.0 

.41843 

.037 

11.5 

12  51  12 

7  26.5 

.40744 

.041 

15.5 

13  0  30 

6  39.0 

.39613 

.045 

19.5 

10  3 

5  50.7 

.3844S 

.049 

23.5 

19  53 

5  1.6 

.37254 

.054 

27.5 

13  30  0 

+  4  11.6 

0.36028 

0.060 

1S97 


Dec. 


1.5 

13  40  26 

+  3  20.7 

0.34776 

0.066 

5.5 

13  51  12 

2  28.9 

.33500 

.073 

9.5 

14  2  20 

1  36.3 

.32203 

.082 

13.5 

13  52 

+  0  42.8 

.30889 

.091 

17.5 

25  I'.i 

-0  11.5 

.29561 

.102 

21.5 

38  14 

1  6.6 

.28225 

.113 

25.5 

14  51  6 

2  2.3 

.26885 

.127 

29.5 

15  4  28 

-2  ..s.f, 

0.25550 

0.142 

OBSERVATIONS   OF   SOUTHERN  VARIABLES   IN   1885-86, 

By  A.  STANLEY    WILLIAMS. 


The  following  estimations  of  the  brightness  of  southern 
variable  stars  were  made  by  the  writer  in  the  course  of  a 
voyage  to  Australia  and  back.  The  observations  were 
made  with  an  opera  glass,  the  stars  observed  being  com- 
pared with  the  stars  of  certain  groups  of  comparison-stars 
selected  from  "Harvard  Photometry."  The  magnitudes 
are  therefore  on  the  scale  of  the  H.  P.  Generally  two  com- 
pirison-stars  were  employed,  one  a  little  brighter,  and  the 


other  a  little  fainter  than  the  star  undergoing  observation. 
As  the  comparison-stars  were  usually  distant,  the  observa- 
tions have  been  corrected  for  differential  atmospheric  ab- 
sorption whenever  sensible.  In  the  ease  of  the  short-period 
variables  the  approximate  Greenwich  time  of  the  observa- 
tions is  given.  These  times  are  not  likely  to  be  in  error  by 
as  much  as  half  an  hour,  at  most. 
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12 

3.95 

25 

5.55 

17 
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These  observations  indicate  a  well-defined  maximum  for 
1886  January  10. 

3409  N  Velorum, 


1886  Feb.  21,  3  39 

Mar.   11,    I     17 


3.35 
3.2 


The  star  was  probably  near  a  maximum  at  the  time  of 
both  these  observations. 

20  Hove  Park  Villas,  West  Brighton,  England,  1897  Sept.  27. 


3418  A'  Curinae,     1885  Deo.  29,  5.3 

1886  Mar.  1  I.  5.55 

3495     '   trinae,       L885  Nov.  21,  3.8 

Dee.  29,  3.7 

1886  Mar.  11,  I. .v. 

L2,  3.95 
1536  E  Muscat,       L885  Dee.  31,  6*  53m 


6H.3 


The  star  was  probably  near  a  maximum. 

(5013)  B Apodis.  This  star  was  announced  as  variable, 
5*.5  to  6".6,  in  the  Uranometria  Argentina,  but  the  varia- 
bility does  not  seem  to  have  1 n  confirmed  yet.      In  1880 

it  was  observed  as  5K.2  on  Feb.  12,  and  5".0  on  Feb.  1  1. 
The  mean  of  these  two  observations  differs  by  as  much  as 
0*.6  from  the  S.M.I',  magnitude,  .V'.d.S.  Moreover,  the 
S.M.P.  measures  are  very  discordant,  the  residuals  (litter- 
ing by  more  than  a  whole  magnitude.  There  can  be  no 
doubt  therefore  of  the  variability  of  this  star. 

5319  R  Apodis,  1886  Feb.  12,  2  24?        5*6 

14,  5  2.3         5.0 

5465  //  Triang.  Aust.,  1886  Feb.  12,  4     1         6.35 
14,  5  47         6.35 

6760  k  Pavonis,  1886  Feb.  14,  7  22         4.7 


ELEMENTS 


AXD   EPIIKMERIS  OF   COMET  b  189 

By  YV.  .).  IIt"SSKY 


From  the  observations 


(perrine)  , 

and  R.  G.  AITKEX. 

Constants   fob  tup:  Equator. 


1S97  Gr.  M.T. 

t  let.  16.73515 
18.6451  1 
20.65788 


App.  a 

:;'. •;(';"  6*28 
3  24  0.48 
3    6  21.15 


App.  8 

+  66°  4C    12*6 

69  43  55.9 

+  71'   16  15.0 


Observer 

Perrine 

Hussey 
Hussey 


which  are  already  corrected  for  parallax  and  aberration,  we 
have  eompul  Mowing  elements  and  ephemeris   of 

this  eomet. 

T  =   1897  Dee.  9.S9171  Gr.  M.T. 


6  55.2 
37.4 


<■>  =  67 

Q,  =  32  8  37.4        Ecliptic  and  Mean 

tt  =  99  15  32.6    f    Equinox  1897.0 

i  =  69  45  43.2  J 

logy    =    0.129500 

O-C,     JK'cosB'  =    +2".S     ,     JB'  =    +'. 
Mt.  Hamilton,  Cal.,  1897  Oct.  27. 


"A 


x  =  r[9.937763]  sin (169°  22' 43".0+v) 
y  =  r  [9.698274]  sin  (169   13  28  ,3+v) 

x   =   r  [0.000000]  sin(  79    20  24  .7  +  r) 


Ei 

HKMEIUS    FOR 

Greenwich  Midnight. 

1897 

True  a 

True  8 

log  A 

Br. 

Nov.    1.5 

21   22  11.00 

-t-80   17     t.6 

9.9167 

1.12 

5.5 

19    19  11.71 

77    11    27..-. 

9.9300 

1.09 

9.5 

19     5  20.31 

73     0  49.5 

9.9462 

1.04 

13.5 

18  42  L'l'.si; 

68  .'.I  29.5 

9.9642 

0.98 

1  7.5 

is  29     3.59 

65     9  10.2 

9.9832 

0.92 

21.5 

18  20  45.51 

61   4.s  10.7 

0.0025 

0.85 

25.5 

is   15  19.70 

58  51    11.4 

0.021  1 

0.79 

29.5 

18  11  38.97 

+56  16  27.7 

0.0397 

0.71 

The  brightness  at  discovery  is  taken  as  unity. 
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SECULAR  PERTURBATIONS   OF    VENUS  BY  ACTION  OF  MARS, 

By  ERIC   DOOLITTLE. 


In  this  computation  the  following  elements  were  adopted 
(Dr.  G.  W.  Hill's  "New  Theory  of  Jupiter  and  Saturn,  ' 
pp.  192  and  554)  : 


Venus. 

L29  27    12*83 

3  23  35.01 
=     75  19  53.0S 
:  0.00684311 
:  2106641".357 

:  9.8593378 


Mars. 

333  17  51.74 
1  51     2.24 
48  23  54.59 
0.09326803 
689050".784 
0.1828971 
i 

3  (HJTJJfflT 


'"     —     W5T5I 

Epoch  1850.0  Gr.  M.T. 

After  the  computation  was  completed  it  was  duplicated 
from  the  beginning.     In  the  duplication,  the  form  of  the 


equations  was  changed  when  possible,  and  addition  and 
subtraction  tables  of  logarithms  were  used;  the  usual  form- 
ulas of  verification  were  finally  applied,  and  in  addition  to 
these  such  proof-equations  as.  could  be  easily  formed  from 
known  relations  among  the  functions  were  found  to  be 
satisfied. 

The  results  of  the  computation  are  given  in  the  follow- 
ing tables,  where  in  general  the  last  figure  of  the  logarithm 
is  omitted. 


/  =       1  56     2.46 

log  k  =  #9.9998450 

//  =  208  26  43.83 

log  k'  =  p9.9999075 

n<  =     52  18  22.08 

logc   =  #8.3052598 

K  =   156     9  18.63 

c   =     0.020195740 

K'=  156     7  24.89 

E 

logr 

V 

A 

log  B 

£ 

9 

h 

0 

9.8563557 

0 

0 

0.00 

2.651  0232 

9.9541318 

150° 

38 

56.94 

0.003928189 

2.30246275 

30 

9.8567564 

30 

11 

47.87 

2.635  6206 

9.944  5723 

187 

50 

22.82 

0.000291101 

2.302  00670 

60 

9.8578493 

60 

20 

24.50 

2.676  6222 

9.968  7482 

224 

17 

18.53 

0.008  527164 

2.304  04590 

90 

9.8593378 

90 

23 

31.50 

2.7630522 

0.013  0109 

257 

33 

39.62 

0.020  447915 

2.30677230 

120 

9.8608213 

120 

20 

20.31 

2.871  7556 

0.0591640 

287 

20 

29.76 

0.024164  644 

2.30762720 

150 

9.8619040 

150 

11 

43.65 

2.9736020 

0.095  6658 

314 

29 

14.61 

0.015968  474 

2.30563865 

180 

9.862  2996 

180 

0 

0.00 

3.041  2895 

0.117  2065 

340 

2 

26.42 

0.004  037199 

2.302  7497.-) 

210 

9.861 9040 

209 

48 

16.35 

3.0566810 

0.1218001 

4 

56 

22.54 

0.000  262374 

2.30215960 

240 

9.860  8213 

239 

39 

39.69 

3.0156549 

0.1091517 

30 

2 

36.32 

0.008368400 

2.30456350 

270 

9.8593378 

269 

36 

28.50 

2.929  2114 

0.080  3244 

56 

13 

43.77 

0.020201647 

2.307  23845 

300 

9.8578493 

299 

39 

35.50 

2.820  5208 

0.038  5654 

84 

28 

16.74 

0.023896  846 

2.307  39440 

330 

9.856  7564 

329 

48 

12.13 

2.718  7000 

9.991  5602 

115 

46 

54.47 

0.015  750  931 

2.30502860 

-Si 

9.155  9964 

900 

0 

0.00 

17.076  8662 

0.246  9676 

1116 

50 

4.71 

0.072  922442 

13.828  S4350 

^v 

9.1559965 

1080 

0 

0.00 

17.0768672 

0.2469337 

936 

50 

17.83 

0.072  922442 

13.82884430 

E 

I 

G 

G' 

G" 

6 

log* 

log  j 

log$l 

0 

0.32836475 

2.30159781 

0.33433455 

0.00510484 

22°33  26*00 

0.05236235 

0.34221622 

0.25376720 

30 

0.31341820 

2.30194311 

0.31388465 

0.00040288 

21  40  58.40 

0.04824440 

0.33681569 

0.24772073 

60 

0.35238060 

2.3021 401 S 

0.36444375 

0.01016345 

23  44    4.25 

0.058  20409 

0.34986592 

0.26232763 

90 

0.436  08420 

2.30201186 

0.46014840 

0.01930383 

27    1  51.11 

0.07644597 

0.37365893 

0.28892064 

120 

0.54393270 

2.30165423 

0.568  37785 

0.01847156 

30  11  38.49 

0.096  71091 

0.39993150 

0.31822634 

150 

0.64776765 

2.301  1  1287 

0. 002 46750 

0.01047414 

32  38  59.04 

0.111  1  1649 

0.422  79102 

o.:;iso::;:,o 

180 

0.71834405 

2.301  64190 

0.721 88175 

0.00242983 

34    6  10.10 

0.12591054 

0.43738414 

0.35989311 
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-0.12879747 

90 

+0.068588125 

+  0.OO.-,  OL' 176 

+  0.005936279 

-0.004230780 

-0.13721060 

120 

+0.O6I  265775 

+0.04210058 

+  0.004709813 

-0.000456037 

-0.1 48  77.771 

1  ;,i  i 

+0.035700934 

+0.07141598 

+0.000151  109 

+  0.0OOO6S  I  16 

-0.16035811 

180 

-0.002071682 

+0.08340064 

-0.003061  1  |o 

—0.004237688 

-0.1  67!)  127  1 

210 

_0.O-lO  838  OOO 

+0.07318497 

—0.000988919 

—0.009307396 

-0.16859554 

240 

—0.068190156 

+0.04377273 

+0.004238  lol 

—0.009612920 

-0.161'  l.-.SOO 

270 

-0.076084930 

+0.00506196 

+0.006883205 

—0.006049  1 16 

-0.15220446 

300 

-0.063800118 

—0.031  06656 

+0.004629519 

-0.000503716 

-0.141  L1682 

330 

-0.036506252 

-0.0.-..-.  10212 

+  0.000277348 

+  0.000  12.",  loo 

-0.13184872 

Zi 

-0.017304208 

+  0.04407' 

+  0.011633407 

-0.024690606 

-0.87522051 

2t 

-0.017304932 

+  0.04497633 

+0.011633918 

-0.024  691636 

-0.87521944 

*The  term  G*  has  been  subtracted. 
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The  equation  sing  .  I  A1^+cosq  .  /.'„'"  =  0  was  found 
to  give  the  residual  +0.000,000,001  ,.S. 

If  in'  is  left  indefinite,  the  resulting  values  of  the  differ- 
ential coefficients  are 


[fl 


6075.5972  m' 


=   +2307588. 


+       4084.7434 
-    146478.6:1 


'^.1  = 

*JL 

dL 


■1  =   -  307497.75 

dt  Joo 


,,?,.  7s:;.-.s;im 

p6.3631584 

p3.61  I  648 

»5.1657742 

236.3631101 

»5.4878419 


If  the   above  value   of    m'    be    employed    there   results 
finally, 

T-J-l     =   -0.0019639882        f"A"|     =    +0.0013204280 


*  Joo 


+  0.7ir.S(;|(;.-, 


L  *  Joo 


-0.099401231 


These  results  to  three  significant  figures  have  been  pub- 
lished by  Newcomb  (Secular  Variations  of  the  Orbits  of 
the  /'our  Inner  Planets,  pp.337  and  376),  and  also  by 
Leverrieb  (Annates  de  V '  Observatoire  de  Paris.  Memoires, 
Tome  VI,  pp.6  and  21).  The  following  shows  the  com- 
parison with  these  results;  the  variations  have  all  been 
reduced  to  the  above  value  of  m1. 

Method  of 

Leverbieb  Newcomb  Gauss 

-0.00195         -0.00196         -0*001964 


f  del 
L^Joo   ~ 

L"*  1  = 

.  .  rrffti 

Sill   I        — —  = 

L  *  Joo 
Woo    = 

'din 

.^  Joo    " 


+0.00131         +0.001:52         +0.001320 


[■' 


-0.00280 


+  0.00510 


-0.099 


-0.00281 


-0.00510 


-0.002802 


+  0.005104 


o.OinilO] 


The  Flower  Observatory,  1897  Nov.  6. 


REMARKS  ON 


THE  REDISCOVERY  OF  THE  COMPANION 
ON  THE  ELEMENTS  OF  THE  ORBIT, 

By  T.  J.  J.  SEE. 


OF   SIRIUS  AND 


The  last  observations  of  the  companion  of  Sirius  before 
periastron  passage  were  made  by  Burnham  with  the  36-inch 
refractor  of  the  Lick  Observatory.  He  has  recorded  in 
the  most  emphatic  language  the  difficulty  of  the  object 
when  last  seen  (1890  April  22)  at  a  distance  of  4".19,  and 
his  chagrin  at  not  being  able  to  see  it  six  months  later 
under  the  most  favorable  atmospheric  conditions,  when  the 
distance  could  not  have  been  less  than  3".7.  During  1896 
several  observers  reported  measures  of  the  companion,  but 
the  latest  results  indicate  that  some  of  the  observations 
relate  to  spurious  phenomena.  Among  the  first  observa- 
tions published  were  those  of  the  writer  in  Astronomical 
Journal,  No.  3S5 ;  the  phenomenon  there  discussed  had 
every  appearance  of  reality,  and  no  doubt  was  entertained 
regarding  the  result  till  Sirius  was  again  examined  at  Mexi- 
co, without  disclosing  any  certain  evidence  of  a  companion 
in  any  of  the  places  previously  assigned.  Different  observ- 
ers reported  the  companion  in  sensibly  different  places,  and 
as  I  was  unable  to  verify  my  own  announcement  or  those 
of  others,  it  seemed  advisable  to  withhold  further  communi- 
cation till  the  place  of  the  companion  could  be  assigned 
with  certainty.  The  erroneous  conclusion  to  which  I  was 
led  last  year  seems  to  have  arisen  from  a  very  unusual  and 
entirely  unexpected  cause,  of  which  we  need  not  speak 
here  ;  it  is  sufficient  to  say  that  1  was  guided  wholly  by 


phenomena  carefully  observed  under  good  conditions,  and 
that  we  did  not  allow  our  observations  to  be  prejudiced  in 
the  least  by  any  considerations  as  to  the  probable  position 
of  the  body.  When  it  was  announced  from  one  observatory 
that  the  body  was  within  one  degree  of  where  I  had  said  it 
ought  to  be  and  was  not,  I  not  unnaturally  entertained  some 
doubt  as  to  the  reality  of  the  companion  reported,  and  con- 
sidered it  more  probable  that  the  observers  had  believed 
that  the  object  had  a  definite  theoretical  place,  and  had 
been  misled  by  some  spurious  phenomenon.  For  in  fact 
the  place  assigned  by  theory  was  that  resulting  from  my 
own  orbit,  which  had  perhaps  no  better  claim  to  authority 
than  the  orbits  of  Auwers  and  Burnham,  which  were 
quite  different ;  and  gladly  as  I  would  have  seen  the  orbit 
confirmed,  particularly  as  the  new  work  on  orbits  was  then 
in  the  hands  of  the  printer,  I  yet  desired  to  avoid  any 
prejudice  of  the  facts  in  the  case,  even  if  the  investigations 
in  the  press  should  all  prove  erroneous.  My  distrust  of 
most  of  the  results  published  last  year  was  further  increased 
by  the  fact  that  the  distances  reported  agreed  remarkably 
well  among  themselves,  and  yet  were  smaller  than  that  at 
which  Bukxiiam  had  been  unable  to  see  the  companion 
under  "excellent  seeing;"  at  the  small  distance  of  3".7, 
the  angle  assigned,  though  in  exact  accord  with  my  an- 
nouncement of  the  theoretical  place  (which  from  the  use  of 
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round  numbers  was  in  error  about  '■>  degn  osibly 

inconsistent  with  the  law  of  ai  tier  the  dista 

the  angle  must  lie  appreciably  wrong,  ami  it  hardly  seemed 
probable  that,  it  tin-  real  objecl  were  seen,  all  bhe  measures 
would  persistently    make  the  angles  too  large  or  the  dis- 

■  too  small.  Ami  when  it  was  reported  that  the  com- 
panion had  been  seen  with  a  12-inch  telescope,  in  a  sensibly 
different  place,  the  oase  seemed  even  more  doubtful.     Nor 

did  the  observations  made  at  Washington  in  the  early  part 
of  1896  and  then  considered  untrustworthy,  hut  afterwards 
published  when  the  Lick  position  was  found  to  he  inconsis- 

tent  with  that  which  1  had  assigned,  carry  conviction;  for 
these  measures  had  been  kindly  undertaken  at  my  request, 
and  when  at  Washington  in  April  1896,  I  was  assured  that 
nothing  worthy  of  confidence  had  been  obtained.  As  Profes- 
sors Cam  imski.i.  and  Hi  SSETZ  had  been  equally  unsuccessful  in 
their  searches  made  for  a  like  purpose  about  the  same  time, 
I  felt  that   possibly  the  position  assigned  by  the  orbit  might 

be  entirely  erroneous,  and  that  the  companion  would  perhaps 

turn  up  in  an  unexpected  place.  Accordingly  at  Mexico 
our  search  was  extended  over  the  whole  region  from  230° 
to  160°,  without  any  result  that  could  be  depended  upon ; 
and  vet  the  object  had  been  followed  under  good  atmos- 
pheric conditions  on  several  nights  for  a  number  of  hours, 
from  the  east  to  the  west  of  the  meridian,  and  there- 
fore at  a  much  greater  altitude  than  was  possible  at 
any  other  observatory  possessed  of  a  powerful  telescope. 
Nothing  was  seen  but  which  could  be  explained  as  spurious, 
v  to  imagine  that  a  companion  was  near 
180°,  where  it  hail  been  reported,  and  where  it  was  placed 
by  my  researches  on  the  orbit.  After  the  return  of  the 
observatory  to  Flagstaff  there  was  no  good  opportunity  to 
search  for  the  companion  of  Sirius  till  September  25,  w  ben 
the  seeing  was  extremelj  tine,  and  I  got  what  appeared  to 
be  a  genuine  and  unmistakable  image  of  it,  in  175°.0,  1''.55; 
the  obj  markably  faint,  and  certainly  could  not  be 

seen  in  a  telescope  of  less  than  20-inch  aperture.  Our  sub- 
sequent measures  confirm  that  made  on  Sept.  25,  and  give 
the  present  position  of  the  body  with  the  desired  precision. 
Our  observations  are  as  follows  : 

t  Oo  Po  Remarks 


L897.731 
1897.824 
L897.826 
L897  829 


excellent  measure 


175.0  4.55 

173.8  4.11' 

172.8  4.81 

17.!.'.)  4.74         good  measure 


1897.su-         173.9         4.63 

By   Mr.  S.    I-   BOOTHBOTD, 


1897.826 
1897.829 


171'.  7 
174.6 


5.06 

4. M 


1897.827         17::.7         4.95 

thus  clear  that  the  companion  is  now  visible  and 
measurable  under  good  conditions  with  powerful  telescopes, 


but  there  is  no  hope  whatever  of  seeing  it  with  small  tele- 
scopes for  several  years;    and  the  report   of   obsen 
with  such  instruments  will  only  indicate  that  the  observers 

been     deceived.       The     following     are     all     the     recent, 

measures  of  the  object  : 


t 

do 

P.. 

n 

Observers 

1896  206 

189.7 

1.64 

2 

Brown 

1896.83 

is;  i.l 

3.69 

:; 

Aitken 

1896.83 

189.2 

3.65 

2 

Schaeberle 

1897.18 

185.4 

3.88 

2 

Aitken 

1897.206 

186.6 

3.78 

1 

Hussey 

1897.21  1 

195.0 

3.5  ± 

1 

Pritchett 

1S97.717 

17  1.'.! 

4.00 

3 

Aitken 

1897.802 

173.9 

4.63 

4 

See 

1897.827 

173.7 

4.95 

2 

Booth  royd 

In  this  connection  it  may  be  remarked  that  in  April  1895 
I  was  using  the  26-inch  refractor  of  the  Leander  Met  lormick 
Observatory'  in  Virginia,  and  on  two  occasions  recorded 
observations  which  now  become  of  some  interest.  I  searched 
for  the  companion  of  Sirius  on  a  number  of  evenings,  and 
on  two  occasions  the  small  stars  in  the  field  wyere  seen  with 
extraordinary  brilliancy.  This  was  particularly  true  on 
April  13,  when  I  measured  and  forwarded  to  Bubnham 
positions  of  some  of  the  objects  not  in  any  double-star  work 
then  known  to  me.  Just  after  the  beginning  of  darkness 
the  tranquility' of  the  air  was  remarkable,  and  it  seemed 
that  the  stars  shone  with  an  unprecedented  splendor;  with- 
out knowing  where  the  companion  ought  to  be  (for  I  had 
not  then  investigated  the  orbit)  I  set  the  micrometer  to  a 
faint  and  close  image  in  angle  21 1°.2,  and  distant  2".90 ; 
on  the  next  night  I  resumed  the  search,  and  set  on  an  image 
in  215°,  and  estimated  the  distance  at  4"±.  The  seeing 
was  excellent,  but  hardly  so  extraordinary  as  on  the  previ- 
ous night,  and  having  got  to  work  a  little  later,  a  tree  soon 
cut  off  the  view.  At  the  time  the  object  did  not  seem  to 
justify'  an  announcement,  yet  I  felt  impressed  with  the 
reality  of  the  phenomenon,  and  so  discussed  the  matter 
with  Prof .  Stone  and  Dr.  Lovett.  The  subsequent  rains 
and  cloudy  weather  cut  off  all  hope  of  further  search  till 
Sirius  was  lost  in  the  trees  which  stand  southwest  of  the 
observatory.  I  should  hardly  make  mention  of  this  search 
now,  except  for  the  fact  that  the  place  then  assigned  proves 
to  be  extremely  near  the  position  actually  occupied  by  the 
companion  at  that  time,  and  it  seems  to  me  highly  probable 
that  it  was  seen  for  brief  intervals  on  1895  April  13. 

Our  recent  measures,  in  connection  with  those  kindly 
supplied  by  Prof.  Attkex  of  the  Lick  ( tbservatory,  show 
that  the  companion  of  Sirius  is  following  witli  great 
accuracy  the  orbit  which  I  have  given  in  the  new  work. 
Researches  on  the  Evolution  of  the  Stellar  Systems,  Vol.  I, 
p.  84.  It  is  thus  made  certain  that  this  orbit  has  the  high- 
est degree  of  accuracy,  and  will  need  no  improvement  for 
twenty  years,  if  indeed  any  considerable  correction  shall 
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ever  be  required.     It  is  probably  as    accurate  as  that  of 

any  known  double  star,  and  represents  the  recent  reliable 
measures  with  almost  absolute  precision.  The  distance, 
however,  has  been  nnder-nieasured  by  several  recent  ob- 
servers, and  is  certainly  not  less  than  4".60.  This  we  may 
infer  from  the  measure  on  Sept.  25,  and  especially  from  the 
theory  of  the  motion  of  the  body  under  the  law  of  gravi- 
tation ;  for  the  certainty  attaching  to  the  operation  of 
gravitation  in  binary  systems  is  far  greater  than  that  which 


could  arise  from  a  small  number  of  even  the  besl  ob  erva- 
tions. 

The  following  tabic  shows  the  comparison  of  computed 
with  observed  places;  and  as  the  latest  measures  prove 
the  accuracy  of  the  orbit,  the  deviations  from  tin-  theo- 
retical places  must  be  explained  either  by  errors  of  obser- 
vation or  by  the  supposition  that  in  some  cases  spurious 
phenomena  were  measured  near  the  predicted  place  of  the 
companion. 


Comparison  of  Computed  with  Observed  Places. 


t 

9o 

6c 

Po 

Pr 

6«-6c 

Po  —  Pc 

Observers 

1895.286 

213.2 

207.9 

3.45 

3.70 

+  5°3 

-0^25 

2a  See 

1896.206 

189.7 

193.6 

4.64 

4.12 

-  3.9 

+  0.52 

Brown 

1896.83 

189.1 

186.0 

3.69 

4.33 

+   3.1 

-0.64 

Aitken 

1896.83 

1S9.2 

186.0 

3.65 

4.33 

+  3.2 

-0.68 

Schaeberle 

1897.18 

185.4 

180.5 

3.88 

4.44 

+   4.9 

-0.56 

Aitken 

1897.206 

186.6 

180.4 

3.78 

4.44 

+   6.2 

-0.66 

Hussey 

1897.214 

195.0 

180.3 

3.5  ± 

4.45 

+  14.7 

-0.95 

Pritchett 

1897.747 

174.9 

174.3 

4.00 

4.60 

+   0.6 

-0.60 

Aitken 

1897.802 

173.9 

174.0 

4.63 

4.61 

-  0.1 

+  0.02 

See 

1897.827 

173.7 

173.9 

4.95 

4.61 

-  0.2 

+  0.34 

Booth  royd 

Ephemeris. 


1897.70 
1898.20 
1899.20 
1900.20 


174.5 
169.0 
158.9 
149.5 


The  elements  of  the  orbit  are 

P  =   52.20  years 
T  =  1893.50 
e  =  0.620 
a  =  8".0136 


4.59 

4.72 
4.97 


Q,  =     34°.3 

i  =     46°.77 

X  =  131°.03 

n  =  -6°.S9655 


Apparent  Orbit. 
Length  of  major  axis 
Length  of  minor  axis 
Angle  of  minor  axis 
Angle  of  periastron 
Distance  of  star  from  center 


=   14".63 
=     9".50 
=  50°.7 
=  252°.4 
=     4".16 


The  absolute  dimensions  of  the  system,  resulting  from 
these  elements  and  Gill's  parallax  of  0".38,  are 

Mean  distance    =  21.136  astronomical  units 
Combined  mass  =     3.473,  sun's  mass  being  unity 

According  to  Auwers  the  masses  of  the  components  are 
in  the  ratio  of  1:2.119;  and  hence,  in  units  of  the  sun's 
mass,  1.113  and  2.360  respectively. 

Accordingly  the  present  state  of  our  knowledge  of  this 
glorious  system  is  highly  satisfactory,  and  yet  further  in- 

Lowell  Observatory,  Flaystaff,  Arizona,  1897  Nov.  1. 


vestigation  of  the  mass-ratio  is  extremely  desirable.  This 
can  be  effected  by  the  use  of  the  micrometer  on  some  of  the 
neighboring  stars.  The  following  measures  have  been  made 
for  that  purpose : 

AC,  mag.  C  =  15,  bluish. 
t  $„  p0  Remarks 

1897.829         190°1         46A6         very  difficult 
AD,  mag.  D  =  14.5,  bluish. 

1897.824  95°2         72'!69 

1897.S26  94.7         73.02 

1897.826  95.8         72.66 


1897.825  95.2         72.79 

AE,  mag.  E  =  13.8,  bluish. 


1897.826 

149.1 

89.28 

1897.826 

149.1 

89.50 

1897.826 

149.1 

89.39 

ED,  mags 

13.8  and  14.5. 

1897.826 

22.8 

74.49 

1897.826 

22.1 

74.79 

1897.826 


74.64 


AE,  mag.  F  =  14.6,  bluish. 
1897.829         248°1         9L58 
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ON    THE   COMPANIONS  TO    VEGA, 


l>\    .!.   \l.  S(  HAEBERL]  . 


Lasl  August,  on  seeing  the  statemenl   in  the  Astrophysir 
rnal,  p.  1  18,  that   Prof.  Barm  lrd  had  found  a  new 
distant  companion  to  Vet  a,  I  examined  the  place  with  our 
great  refractor  and  saw  the  star. 

As  particular  attention  has  been  called  to  this  objeel  in 
lical  Journal,  it  seems  desirable  to  announce 
that  the  star  ran  be  readilj  seen  and  measured  at  the  Lick 
atory. 

aake  sure  thai  thi  u  bere  is  identical  with 

the  one  found  by  Prof.  Barnard,  1  recently  made  two    el 
of  micrometer-measures.     One  on  <  >rt.  29,  with  good  seeing, 
the  other  on  Oct.  31,  with  only  average  seeing. 

Coordinates  with  Referenci   po  W'inm b<  ke's  Companion. 

Oct.  29,  Position-angle  =  32.7  Distance  =  29.3 

;;i,  =   32.4  =  29.2 

RDINATES    OF    WlNNECKE's    COMPANIOK     WITH 

Ki  i-i  i,'i  tri  e  to    Vega. 


Oct.  29, 
31, 


1'oMtion-angle  =   285.9 
=  285.8 


Distance  =  52.9 
=  53.4 


From  these  observations  1  find  the  coordinates  of  the 
third  companion  with  reference  to  Vega  to  be 

Position-angle  =  317°.9 
Distance  =    52".8 

I  had  dean;;  Bearch  for  companions  at  so  greal 

a  distance  from  Vega,  and  was  nol  even  aware  of  the  exist- 
ence of  Wtnnei  ke's  companion  (which  is  an  easy  objeel  in 
the  36-inch  telescope)  until  Prof.  Barnard  made  some  in- 
quiries which  led  to  my  observations  of  this  star  (Win 
m.ki'-i  quoted  bj  him  in  No.  Ill  of  the  Astronomical 
Journal.  The  measures  —  made  on  a  windy  nighl  with  a 
swaying  telescope  —  were  sent  to  Prof.  Barnard  for  identi- 
fication. 

Besides  affording  a  t<jst  for  the  light-gathering  power  of 
a  telescope,  such  a  small  star  is  also  a  test  for  the  darkness 
of  the  field  of  view  in  the  immediate  neighborhood  of  a 
very  bright  object. 

Lick  Observatory,  University  of  California,  1897  Nov.  1. 


THE   EFFECT   UPON    THE   EULERIAN   PERIOD   OF  AN   INEQUALITY   IN   THE 
EQUATORIAL  MOMENTS  OF  INERTIA, 

By  H.   Y.   BENEDICT. 


In    A. J.  345,    1 'rot.  AY ward    has    shown    that    the 

Eulerian  period  is  a  minimum  for    A  =  B;     A,  B  and  C 
the  principal  moments  of  inertia  of  the  Earth,  which 
posed  rigid.     This  may  be  quite  easily  proved  in  a 
different  manner. 

It  is  shown  in  Tisserand's  Mecaniqui   Celeste,  Tome  II, 
p.  385, 


hC-A)(C-B)  _    rx    _       dx 

>|-     .i/;  ''  ~  X   Vi-cV 


where 


/:     A 
~~C~ 


and 


h,  and 


sm-x 
are   constants  de 


pending  on  the  initial  circuj  the  motion.     On 

een  thai  c  and  o  are  cer- 
tainly small  in  the  case  of  the  Earth.  Now  it  is  certainly 
fair  to  assume  that  c  is  less  than  either 


so  that  the  modulus  of  the  elliptic  integral  is  exceedingly 
Harvard  Universii  /fall. 


small,  less  than    sinl".     To  a  very  high  degree  of  accuracy 
then,  the  period  of  the  Eulerian  oscillation  is 


SW- 


AB 


A)(C-B) 

and  oj'  is  very  nearly  the  angular  velocity  of  the  Earth. 
If  no  relations  connect  A,  B  and  0  the  period  may  be  any- 
thing whatever.  Assuming  that  precession  and  the  moon's 
motion  give  us 

C-i(A+B) 

i-±- 1  —  a  constant, 

and  C—\  (A+B)   =   a  constant, 

on  differentiating  \\  i 

dA  =  -dB    ,    dC  =  0. 
AB 


Differentiating 


(C     A)(C     B) 

iiiinin.  and  substituting, 


for  a  maximum  or  min- 


l-A£+(C-A)(C-B)2(B-A)  =  0. 
Eence  either     B  =  A    or    C  =  .1  +B. 
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OBSERVATIONS   OF    D'ARREST'S   COMET  (cl  1897), 

MADE   AT  THE    (J.S.    \\\   w.   OBSERVATORY    (26-INCB    EQUATORIAL), 

By  Pbof.  STIMSON  J.   BROWN. 
[Communicated  by  Prof.  Wm.  Bareness,   C.S.N.,  Astronomical  Director.] 


1897  Washington  M.T. 


July  9 
28 
29 
30 

An?.      2 


Sq.t. 


1.-.  19.1 

15  17.0 

15  3.1 

15  10.7 

I..  12.0 

15  30.0 

15  2S.0 

L5  32.5 


9 
11 

12 


No. 
Comp. 


8  ,  5 

1  .  4 

7  ,  5 

8  ,  5 
S  ,  5 
7  .  I 
'.»  ,  •'• 

14  ,  G 


Aa.  ./S 


-o  4.59 
+  0  11.12 

-o  i  i.k; 
+  o  13.87 
+  o  1S.S7 
-0  15.01 

+  o  10.7:; 
+  o   L2.82 


-2  17.:; 

-2  2.0 

-5  20.7 

-2  27.0 

-1  35.0 

-o  1.2 

-1  40.1 

+  0  6.1 


x  apparent 


<•< 


2  31  57.72 

:;  is  16.10 

:;  2o  55.3:1 

:;  23  6.48 

::  20  27.17 

:;  35  :;;;.  io 

:;  37  31.65 

I  io  34.56 


+  6  33 

+  0    II 

+6  s 
+6     5 

+  5  44 

+  :>  n 
+  r,  36 
+  2  21 


55.4 
48.9 

27.3 
7.0 
6.8 
0.7 
31.7 
15.8 


log  /.A 
for  a  for  8 


n9.6015 
rc9.5685 
»9.5968 
z/0.572^ 
&9.5621 
»9.5235 
»9.5235 
»9.3348 


0.7000 
0.703J 
0.7085 

o.7o|  I 
0.7007 
0.7012 
0.7010 
0.7210 


Mt  tin 

Places  for  1897.0  of  Comparison- Stars. 

* 

Red.  to 

8 

a 

app.  place 

app.  place 

Authority 

1 

2  33  12.7.". 

s 

+  6  30  25.94 

" 

W.B.  2"520 

o 

2  32     0.32 

+  1.99 

+  6  36  20.1 

+  10.2 

From  No.  1,  -   1'"  12».41    +6'0".45 

3 

:;  is  31.92 

+  2.40 

+  6  13  32.8 

+  18.1 

From  No.  4,  -11'"  30».40   +0'  31".3 

4 

:;  30    2.32 

+  6     4     1.5 

W.B.  3h507 

5 

:;  21     7.35 

+2.42 

+  6  13  29.8 

+  1S.2 

From  No.  4,  —   8m  54«.97   +9'  2S".3 

6 

.'.  22  50.17 

+  2.44 

+  6     7   16.2 

+  18.3 

From  No.  4,  —   7"'  12'.13   +3'  1  1"  7 

i 

;;  20    5.82 

+  2.4S 

+  5  55  23.4 

+  1S.4 

From  No.  8,  -   ()'"  15".02    —8'  59".4 

8 

3  20  20.S4 

+  6     4  22.S 

W.B.3h488 

9 

3  35  46.48 

+  2.53 

+  5  40  52.4 

+  18.6 

From  No.  10,  — 4m  25».5i    -2'  46"  2 

10 

3  40  11.98 

+  5  43  3S.6 

i  (Grant  879  +  Pulk.  544) 

11 

3  37  18.36 

+2.55 

+  5  37  53.3 

+  1S.5 

From  No.  10,  -2™  53".61    -5'  45".3 

12 

4  19  18.60   " 

+  3.14 

+  2  20  49.4 

+  20.3 

From  No.  13.  +0m  14M5    +5'  34".5 

13 

4  19     4.45 

+  2  15  14.8 

Boss,  Albany  A.G.C.  1201' 

On  account  of  the  unfavorable  conditions  in  the  eastern  sky,  caused 
by  the  glare  of  city  lights,  this  comet  has  generally  been  a  very  diffi- 
cult object,  although  on  July  9  it  could  be  seen  in  the  5-incb  finder. 
The  brightness  on  Sept.  3  was  evidently  much  less  than  indicated  by 


the  theoretical  ratio,  and  on  subsequent  dates  before  the  full  moon 
l"ii  the  I  lib)  the  comet  could  not  be  seen  at.  all. 

The  following  corrections  in  R.A.  have  been  applied  to  reduce  to 
epoch  of  the  declination  :     July  28,  +0S.G6,     Aug.  5,  —  0S.50. 


Cincinnati  M.T.  ^c 

1897  Oct.  25     sV  19S     I       1 


OBSERVATIONS  OF   COMET  b  1897, 

IIADK   AT   THE    CINCINNATI   OBSERVATORY, 

By  J.  G.  PORTER. 

Xo.  &f — ^  ^'s  apparent 

Comp.  Ja  z/S  a  8 

I         8  |    -5n5s!79  |    +o'26.'V    I    l'U^'lO^    I  +79°  12    10*8 


li >ir  pA 


for  a 

w.0.265 


for  8 
m0.530 


Red.  to 
app.  place 


Red.  to 
app.  place 


a  am),  place  6  ai)D.  ulace  Authority 

|    1    |     1  48  5.87     |    +11.94  |  +79  11  48.6  |    +25.5    |     1  Cincinnati  Mer.  Cir.  observation 
This  star  is  Fedorenko  299,  and  appears  to  have  proper  motion  as  follows  : 


P.M. 

P.M. 

Epoch 

a  1S97.0 

applied 

8  1897.0 

applied 

Fedorenko 

1790.3 

1  48  1.52 

6.03 

+  79  12     3.1 

47.7 

Kasan 

1S00.0 

4.6:; 

5.86 

11  53.3 

40.1 

Cincinnati 

07. S 

1  48  5.87 

5.96 

+  79  11  4s.o 

48.3 

P.M 

+  0!.041 

-0".14 
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OBSERVATIONS   OF   COMET  &  1897  (pebrine), 

MADE    wiiii    nn:    1-  im  n    EQ1    tTORIAJ    01     i  m.    LICK    OBSERVA 

l!v    I:    G.     \  1  IK  IN. 


1891  Mi.  Hamilton  M.T. 

* 

No. 

I  >>ini>. 

- 
la 

-* 

a 

pparent 

3 

log  I'S 
for  a      1     for  8 

Oct.  L6 

ii     in    ■ 
in  19  58 

1 

6 

-24.80 

i     « 

3  35  59.13 

o          /          It 

«9.964 

Hi  23  58 

1 

8 

-3  19.7 

+66   19  36.0 

&0.274 

10  30  36 

1 

did 

-27.43 

3  35  56.50 

»9.980 

17 

L2  50  35 

•■ 

r/llt.S 

-56.79 

+1  52.3 

3  29  21.68 

1  68  32  21.2 

»'.!.  IS| 

&0.645 

is 

7    10  20 

A 

d  8,8 

-70.78 

+  3  43.6 

3  23  58. 19 

t  69   1 1  38.6 

nO.132 

0.204 

l'.i 

s   L5  21 

5 

£10,10 

+39.86 

-0  49.8 

3  L5   14.20 

+  71   18  25.3 

»0.152 

8.845 

20 

■.ill     1 

6 

dl2,5 

-13.41 

+  2  59.0 

3     5  32.84 

t  72  53  35.7 

&0.193 

9.729 

Mean   /'laces  for  1S97.0  of  Comparison- Stars. 


* 

a 

app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

li       m       8 

3  36  15.61 

+  ss;;i' 

+66  52    14.3 

+  11  + 

Fearnley,  Christiania  A.  G.  Catal.  623* 

•> 

3  30     '.'.7:; 

+  8.74 

+  68  30  16.7 

+-  lLMi 

Micrometer-comparison  with  %3 

3  34    15.68 

+  8.76 

+68  29  28.7 

+11.6 

Fearnley,  Christiania  A.G.  Catal.  622 

4 

3  25    0.20 

+  9.07 

+  (19  40  42.1 

+  12.9 

Fearaley,  Christiania  A.G.  Catal.  604 

5 

3  1  1  54.80 

+  9.54 

+  71    19     0.8 

+  14.3 

Radcliffe  I.  927 

(1 

:;     5  36.22 

+  10.03 

+  7'.'  50  21.1 

+  15.6 

Micrometer-comparison  with  *7 

3  11    16.53 

+  10.13 

+  71'  50  28.9 

+  14.4 

Becker  521  stars.  7: it 

,1  signifies  that  Ju  was  measured  directly  with  the  micrometer.       *  No  proper  motion  applied.       t  Proper  motion  +0\011,  — 0".057  applied. 
Lick  Observatory,  University  of  California,  1S97  Oct.  29. 


OBSERVATIONS   OF   COMET  &  1897, 

HADE    AT  THE   VASSAE  COLLEGE   OBSERVATORY, 
By   MART   W.   WHITNEY   AND  CAROLINE  E.   FURNESS. 


Greenwich  M.T. 

1897  li         '"        s 

Oct.  29  L6  34  36 

30  1  1   L3  51 


No. 

Comp. 

5  .  I 
5  ,6 


^-* 


#' 


la 
L7.2 


.18 


s  apparent 


logpA 


—  3  56.8 
+  6     8.6 


23  12  56.1 
22  34  57.8 


+  si    12  10.9 
+  81  38   L3.2 


n.3309 
o. 9 


for  8 

aO.5756 
&0.7260 


V 

w 


Mean   Places  for  1807.0  of  Comparison- Stars. 


23  L5  30.7 

22   37    12.9 


Red.  to 
app.  place 

I     +4*9     I 
+  2.1 


+  81    15  31.4 

+  S1   31  28.0 


Red.  to 
app.  place 

+36':;  I 
+36.6 


Authority 

Carrington,  3580 
Carrington,  3472 


Cornel  very  faint;  bisection  difficult. 


i;E(»ri:sT    F<H;    oliSFKYATInXS    OF    <  OMET  1896  VII. 
,1.  M.  II  ami  \.  of  Flower  Observatory,  University    of  Pennsylvania,   Philadelphia,  requests  that    any  unpublished   observations  of 
Comet  1S96  VII,  be  made  public,  or  Bent   to  him  at   an  early  date. 
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ON   INTERMEDIARY  ORBITS 

By  G.  W 

The  difficulties  investigators  have  met  in  the  endeavor  to 
push  the  approximation  to  the  coordinates  of  a  planet  be- 
yond the  simple  Keplerian  theory,  by  reason  that  the  time 
appeared  as  a  multiplier  outside  of  the  trigonometrical 
functions,  are  at  once  removed  if  we  consent  to  divide 
the  potential  function  otherwise  than  is  commonly  done. 
This  modification  has  given  rise  to  what  are  known  as  in- 
termediary orbits.  But  the  way  Gylden  and  others  have 
introduced  them  seems  unnecessarily  obscure,  as  they  are 
often  discussed  without  the  slightest  reference  to  the  law 
of  gravitation. 

In  the  lunar  theory  much  will  be  gained  if  we  can  make 
the  perigee  and  node  have  a  uniform  motion  already  in  the 
first  approximation.  Now  the  disturbing  function  of  the 
solar  action  may  be  considered  as  involving  a  term  which 
is  rigorously  proportional  to  the  square  of  the  radius  and 
another  proportional  to  the  square  of  the  moon's  perpen- 
dicular distance  from  the  plane  of  the  ecliptic.  The  first 
will  give  rise  to  a  movement  of  the  perigee,  while  the 
second  will  impart  a  movement  to  the  node. 

We  may  then  write  the  potential  function  belonging  to 
our  problem 

n  =  ^  +  iK(r+r)  +Ws2 

where  fj.  denotes  the  sum  of  the  masses  of  the  earth  and 
moon  and  k,  k!  are  two  constants  to  be  so  taken  that  the 
perigee  and  node  obtain  their  actual  motions.  Then,  in 
considering  the  further  effects  of  solar  perturbation,  we  sub- 
tract from  the  ordinarily  given  disturbing  function  the  terms 

The  differential  equations  of  our  problem  in  terms  of 
rectangular  coordinates  are 
dh 
dl 


+  ^r   = 


d*Z       uz    _      , 

df-  ^  V3 
They  admit  the  two  integrals  of  conservation  of  areas  in 


IN   THE  LUNAR   THEORY, 

.  HILL. 

the  plane  xy  and  of  the  conservation  of  living  forces ;   or, 

as  they  may  he  written, 

xdij  —  i/ilx 


dt 

dx2  +  df  +  dz1 
dl1 


h 


=  2(n+c) 


Here  the  time  is  the  independent  variable,  but  the  equa- 
tions to  be  treated  are,  to  a  considerable  degree,  simplified 
if  we  adopt  for  this  the  true  longitude  of  the  moon.  Let, 
as  usual,  /(  denote  the  reciprocal  of  the  moon's  curtate 
radius,  .s-  the  tangent  of  the  latitude  and  v  the  true  longi- 

tude.     Then,  bearing  in  mind  that  here 


dv 


=   0 
=   0 


0,      the 

differential  equations,  usually  given  for  these  variables  and 
the  independent  variable*,  take  the  form 

d-u  1    3D         s"    912 

ill-'1  It'-  dv.        hhi    7)s 

d-s  s    da        1  +  s-  dU 

~dV*+S  ~  hSi  ~du   ~  TV  ~97 
dt   _     1 
dv       hu- 

But  n  =  fin  (1+s2)-1'-  +  i  K>(--  +  i-  k'u~-s! 

If  we  substitute  this  value  in  the  first  and  second  equa- 
tions of  the  preceding  group,  and,  for  simplicity,  put 
/x  =  kh-,  k  =  ah2,  k  —  x'  =  /8/j2,  where  /.-,  a,  /3  are  con- 
stants, we  get 

~  +  u  +  avr»-  k(l+i 


=  0 


dr- 


,  +  s  +  I3ir 


=   0 


We  may  get  rid  of  the  constant  k  by  substituting  kn  for 
a  and  then  writing  a  for  air*  and  /?  for  /i/.~4.  Thus  we 
have 

**  +  [l +  ««-•■]»_  (1+s-)-^ 
dv" 

d2. 


0 


ilr 


+  [1+/Bir*j. 


=  0 


(1) 


-  Tisseiiaxd,  Mecanique  Celeste,  Tom.  I,  p. 


(81) 
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admit  the  integral 


dii-  + 


2     |  +  >-',  ■'--H--  +  [«  +  («-/3)*-'-']»     •' 

Since  the  left  member  of  this  cannot  be  negative,  if  we 
construct  the  algebraic  surface  whose  equation  is 

2  i  iv,  vt  -  u-  +  [«+(«— 0) .-.•-]  it--  +  C  =  0 
the  moon  must  move  on  that  side  of  this  surface  for  which 
tln>  left  member  of  this  equation  remains  positive.  But, 
for  the  value  of  the  arbitrary  constanl  C  which  obtains  in 
the  lunar  theory,  this  surface  will  have  a  fold  which,  en- 
veloping the  origin,  is  closed.  Moreover,  for  any  given 
tunc  the  moon  will  be  found  to  be  moving  within  this  fold. 
This  affords  us  an  inferior  limit  to  the  value  of  u. 

The  latter  of  equations  (1),  which  more  especially  deter- 
mines s,  i-  satisfied  by  the  value  s  =  0.  While  s  does 
not  vanish  in  the  actual  lunar  theory  it  is  nevertheless  quite 
small,  and  we  can  see  that  its  expression  has  a  constant 
factor,  which  it'  small,  will  render  s  small.  Thus,  in  a 
Erst  approximation,  we  can  assume  s  =  o.  The  introduc- 
tion of  this  value  into  the  first  of  equations  (  1  ),  or  into  the 
integral  equation,  shows  that,  in  this  approximation,  v  is 
determined  as  a  function  of  u  1>\  the  equation 

ill-  u  II 

'/"  ~   V«+  Cu2  +  2u3-ui  ~   VJ 
involving  elliptic  integrals.     This  equation  has  been  treated 
by  l.i  '•>  \  i'Ki  "  and  Peibckt- 

After  the  integration  of  this  equation  the  resulting  value 
of  n  can  he  substituted  in  the  second  equation  of  (1  |,  and 
we  shall  have  a  linear  differential  equation  of  the  second 
order  with  variable  coefficients  for  determining  s.  This  be- 
ing integrated,  we  can  substitute  the  resulting  value  of  s  in 

the  first  "I   <  1  '.  and  thus  a  e  approximate  equation  will 

l.e  had  for  determining  ".  This  alternate  use  of  each  of 
nations  i  1  )  will,  it  is  evident,  give  rise  to  an  elahora- 
tion  of  the  values  of  «  and  s  of  the  following  form:  let 
tani  denote  the  small  constant  which  factors  s,  /  being  in 
the  neighborhood  of  what  is  known  as  the  inclination  of 
the  lunar  orbit,  then 

„  =  /'„+-',  tan2  i  +  U.,  tan4/  +  . . . 
.s  =  S.  tan  i  +  Sl  tan8  i  +  S„  tan5  i  +  . . . 
where  the  V  and  S  will  lie  independent  of  the  arbitrary 
constant  tan/,  save  that,  involving  two  arguments,  .-.  which 
may  be  called  the  moon's  anomaly,  and  ,;.  which  mat  be 
called  the  argument  of  latitude,  these  arguments  are  of  the 
fi  a  in  ;  =  it  +  const.,  t)  =  gv  +  const.,  c  and  g  are  con- 
stants which  are  developed  in  the  series 

c  =  c„  +  c,  tan'-/  +  r.,  tan4  i  +  . . . 
0  =  'Jo  +  ffi ' ;in" '  +  ffi  Uu,A '  +  •  •  • 
where    <■„,  e,,  ...  g0,  </,  ...     are  independent  of  tan  i. 

*Traitt  des  Fonctions  Elliptigues,  Turn.  I,  p.  561. 
t Analytic  Mechanics,  pp.394,  '■'•'■li'>. 


A.s  to  the  constants  «  and  C  which  appear  in  Eq.(2),it 
is  plain  we  are  not  obliged  to  retain  them,  but  intiy  substi- 
tute two  others  for  them.     Let  as  adopt  a  and  e,  such  that 

a  =  (1-rnl      a)a*     .     C  =  -(3+e*)  a+2  (1  +  >■■>  as, 
where   a   is  a  little   less  than    unity,  and   e  is  small.     Then 
the  factors  o!      /  arc  thus  shown: 

./  =  [8V-(ii-a)!][tt1-2(l-  a)w-a(l-a)(l— «*)]. 
l''.<[.  (2)  can  be  somewhat  simplified  by  adopting  a  new 
variable    w    such  that     u  =  aw,    and  putting    y  =  — 

which  gives 

ili- w 

,/w   ~~  Ve2-(\v-l)2  Vw2-  2rw-y(l  -e2) 
The  adoption  of  a  new  variable  E,  such  that 
w  =  (1+e)  cos-'  \  K  +  (1— e)  siu'-l  E  =  1  +  e  cos  E, 
produces  the  equation 

ill- w 

dE  ~  V\v2-27w-y(l-e2) 
where,  as  u  and  E  will  be  supposed  to  increase  together, 
the  radical  should  always  receive  the  positive  sign.  In 
order  to  avoid  the  appearance  of  radicals  in  the  expressions 
which  follow,  we  adopt  a  new  constant  to  replace  y  such 
that 

Here  e  atul  8  are  small  positive  quantities  which  may  be 
regarded  as  of  the  first  order.  Then  the  last  equation  can 
be  written 

dE 


f 


+ 


28 


,.l-o 


s1 


i(l-*2) 


,1+sr  \!  (1-8)'2 

If  we  adopt   three  new  constants     </,  //,  //,     such  that 

tlie\   are  determined  by  the  equations 

(1-e2) 


~  =  1+e+  n 
-'J  (1+s) 


=   l+e- 


:(l-«2) 


1-//  (1-8) 

1+e      

H     =TV(l-,)(l-i) 


the  last  equation  can  be  given  the  form 

1-e 
1+e 


1— e, 
1+  tanH-E 

,li-  1-t-e 

dE  ~     .   Vl  +  <7  tan2^^  V 1  +  A  tan2  £  .E 


This  equation  can  be  further  transformed  by  adopting  a 
new  variable  ip  to  supersede   /•;.  such  that 

tan  V  E  =  — -  tani/< 
sin 
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And,  employing  the  four  constants  /.\  »../',  K  determined 
by  the  equations 


A-'2  =   1 


1-/ 


.h 

'.I 
28 


88(l+8*)e 


(l  +  2e8+S2)!-168a 
(1-e),       K=l.       f 


ra  =  -  - 1 


(1+8) 
the  differential  equation  takes  the  form 

r       l  ,~]        rty 

"  V  |_1  +w  sinV     '  J  Vl-FsinV 

It  will  be  perceived  that  the  constants  k,  u.f,  are  posi- 
tive quantities  of  the  first  order  of  smallness,  while  K 
differs  from  unity  by  a  quantity  of  the  same  order. 

The  form  to  which  the  equation  is  now  reduced  is  that 
of  Lkgendre,  and  it  shows  that  the  integral  involves  the 
first  and  third  species  of  elliptic  integrals.  But  we  may 
here  introduce  the  ©  function  of  Jacobi.      If  we  put 

ip   =    am  (x) 

the  differential  equation  takes  the  form 


dv  =  2A 


I  +, 


-/ 


Idx 


Deriving  the  constant  argument    a    from  the  equation, 
0"2  =  -1), 

2/-  s  n       a—1 

»'(«0  =  -p=  —k 

we  have,  in  terms  of  the  ®  functions,* 
dx 


X 


o    1  —  ft1  sn*  (ia)  sn"x 
1 


d. log  mi  (in  ) 


-®'(ia) 

-.— c  x  +  *  log 


r&(la) 

L®  (ia) 


®(x  —  ia) 
®(x+  ia) 


d  i  ia ) 
But 
d.  log  sn(ia)  era  (mi) 


il  ( hi ) 


sn  (ia) 


.     .  .  1       ll-A         A" 

tin  (in)    =    — — =  — 


Thus 


r  2Kd*~  =  2i ra  x + * iog e<*-r>i + 2* 

Jo  I  +  n sn*x  \_®  (ia)  '      5  0  (x  +  m  )  J  T 

and,  putting    v   for    2A"(1— /), 

r„rflog©(m)        "1        1,      ©(ce+m) 

y  +  const.   =     2 °     ^        +  »  U  +  t  log  — v— 


(x—id) 
The  well-known  periodic  development  of    ©  (x)    is 

®(x)  =  1  —  2-7  cos^  +  2?4cos^  —2-7°  cos-^+   ... 

For  most  of  the  applications  q  is  so  small  that  not  more 


'  Bertband,  Calcul  Integral,  p.  653. 


than  two  or  three  terms  of  this  series  need  be  considered. 
The  constants  involved  have  the  significations 


*-Jt' 


rf/3 


Vl-/c2sm2/3 


A'  = 


r\  dp 

Jo"  Vl-/c'! 


sina/3 


As  the  ©  functions  in  our  problem  have  complex  argu- 
ments, it  is  necessary  to  separate  the  real  from  the  imagi- 
nary portions.     This  has  been  done  by  Jacobi*,  and  putting 


b  = 


A' 

d.  Log  ©  (ia) 

i/n 


we  bave 


1 


7 


l-i,' 


\-i 


;,+  ■• 


And  if  we  make 


we  have 

v  +  const. 


+  2  arc  tan 


</ log  ©('"")    , 
i/ii 


+  2  arc  tan 


I-?1" 


-  2  arc  tan 


K 


l_,/-»c< 

g,3+6  gjn 


A 

•n-.r 


—  2  arc  tan 


l-'/1 


'  COS  -^r  1  — '/+   cos  - 


A-  -    2        K 

This  equation  gives  the  value  of  v  in  terms  of  .r  ;  by 
the  inversion  of  the  series  x  can  be  obtained  in  terms  of  v ; 
from  which  can  be  found  era  a.-,  and  thence  the  value  of  » 
from  the  equation 

l-e  +  [h-1  +  (h  +  1)  e]  ni-r 
"'   =   "W   =   a~  l  +  (h-l)cn>x 

The  employment  of  elliptic  functions  in  the  treatment 
of  the  problem  does  not  appear  to  be  an  improvement, 
since,  depending  on  two  arguments,  they  cannot  be  tabu- 
lated to  any  great  extent,  and  thus  interpolation  between 
the  given  values  is  necessarily  difficult.  In  addition  to  this 
these  functions  are  not  so  easily  multiplied  together  as 
circular  functions.  Under  these  circumstances  it  seems  the 
employment  of  periodic  series  throughout  will  have  the 
greater  advantage. 

I  will  now  show  by  a  numerical  example  how  much 
easier  is  the  treatment  by  computing  special  values  of  the 
functions  involved  and  thence  deducing  their  periodic 
developments.  It  is  true  that  this  procedure  demands  that 
we  know  at  the  outset  the  values  of  the  two  independent 
constants  involved.  But  this  limitation  need  not  greatly 
trouble  us. 

*  Journal  fur  die  Mathematik,  Vol.  XXXIX,  p.  ;'.4.Y 
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N  i   \n  Kl.    \1.     1  i.i.i  STB  \  I  CON. 

I.,-t  as  assume  the  values  e  =  0.055  and  8  =  0.1.  This 
value  i  u1  bhal  which  obtains  in  the  aaijual  lunar 

theory.  The  vain.-  of  S  considerably  exceeds  thai  which 
would  give  the  observed  motion  of  the  lunar  perigee;  butj 
l.\  it-  employment,  we  shall  better  exemplify  the  advan- 
:  the  numerical  method. 

We  compute  to  the  argumenl   E  for  every  30°  in  the 

semi-circumference  the  values  of 


and 


dE 


from  the 


formulas 

w  =   1  +  e  cos  E, 


dv_ 

dE 


Vw--2yw-y(l-e2) 

The  computation  of  the  latter  equation  will  be  facilitated 
by  using  the  quantities   6  ami  x  derived  from 

y  t        \—e\  sin20 

sin-  6   =    '     2^ ,       x   =  ;j J-;-* 2 

w  \  w    /  ^  C0S   2  * cos  * 

The  following   are    the   values  ar- 


dv 


when      -—  =  1  +  X 
dE 

rived  at : 


E 

0° 
30 
60 
90 
120 
150 
180 


l.O.V. H)(l(l(l 

L.04763  L3972 

1.027 oOOOOOO 

1.(10000  00000 

0.972.-><>  ooooo 

0.95236  SOUL'S 

0.94500  00000 


dv 

dE 

L.06213  69983 
1.06277  08524 
1.0645666064 

1.06718  23976 
1.07000  58.547 
1.07221  86201 
1.07306  L8242 


From  the  values  of 
ment 


dE 


—     we  obtain  the  periodic  develop- 
dE 


1.06739  06237 
—0.00545  16813  cos  E 
+0.0002085064  cos22? 
—0.00000  77215  ros3E 
+0.0000002807  cos  ±E 
—0.0000000101  cos  -"'A' 
+  11.11(1111111(11)004  eosSE ) 


By  integration  of  this  and  putting 

*  =  0.93686  41412  v  +  const., 
we  get 


s  =  /;  + 


f  -1054.07407  sin    E 
|  +      20.14611  sin  2E\ 
0.49737  sin  :;/■: 
0.01356  sin  4/^  f 
.       0.00039  sin  5E 

1+  O.OOOOl   MI.C/. 


By  a  very  easj  tentative  process  n  the  values 

of  tlie  excess  of  the  angle  E  over  ?  to  the  argument  £  for 

30°  of  the  semi-circumference.     These,  with  the  cor- 
respondent values  of    w    follow  : 


c  E  —  ? 

0°  0.00000 

30  f512.29165 

60  897.78659 

90  1053.76895 

L20  928.00622 

L50  +r,i\!.:>:\7:\\! 

Iso  0. 00 


L.0550I 000 

1.04756  29497 
1.0272924201 
0.99971  90163 
0:97228  59807 
0.9522964346 
0.94500  00000 


From  these  special  values  we  derive  the  periodic  series 

f      lor.  1. 1221.".  sin 
|  -     17.45483  sin  2;! 
E  =   £  +  J  +       0.35334  sin  3^ 

_       0.00704  sin  It 

+       o.oooiO  sin r>$ 

0.999S.",  941.69 

+0.0550021  173  cos   £ 

+0.0001404918  cos2i 

w  ~  "i  —0.0000021465  cos  3£ 

|  +0.0000000413  cos4£ 

1^-0.00000  00008  cos  5^ 

The  latter  expression  conjoined  with  the  equation  giving 
£  in  terms  of  v  may  be  regarded  as  the  integral  of  the 
differential  equation  between  w  and  r.  It  will  be  per- 
ceived how  rapidly  convergent  the  series  is.  There  is  here 
certainly  no  need  for  the  introduction  of  elliptic  functions. 

Turning  now  our  attention  to  the  treatment  of  the  dif- 
ferential equation  for  s,  let  us  assume  that,  in  the  equation 

zl  +  I  i  +  £  |s  =  0,     B  has  the  value  0.01,  nearly  that 

(/(•-  w4J 

which  prevails  in  the   actual  lunar  theory.     We  compute 
then  the  following  special  values  of      -  t : 


0 

0.00807  21674 

120 

0.01118  98407 

30 

0.00830  38497 

150 

0.0121593782 

60 

0.00897  89110 

180 

0.01253  92848 

90 

0.01001  12472 

From  these  special  values  we  deduce 

1.01015  81588 
—0.0022260030  cos    £ 

+  O.OO01I  72390  cos2i 
j    -0.00000  92096  cos  3£  !- 

+  0.00 3278  cos  4^ 

-0.00000  00126  cos  5| 
L  +0.00000  00004  cos  6£ 

Changing  the  independent  variable  from    v  to  5   we  have 
the  equation  : 

f     1.1508961649  ^ 

-0.00253  61359  cos    £ 

+  0.00016  77528  cos  2£ 
j  -0.00001  ol927  cos3£  [s  =  0 

+  o. 0  03735  cos  i£ 

—0.00000  00144  cos  5^ 

+  0.00000  00005  eos6£ 


d*s 
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the    differential    equation 


To  integrate  this  we  put     £  =  e^-l     ami  assume  that 
.s-  =  ±\/i.£s+',    I  taking  all  integral  values   positive   and 
d 
d$ 

may  be  written  D'2s  =  2{®{ £' .  s,  where  ®_,  =  ©,.  ®0  is 
equal  then  to  the  first  coefficient  in  the  last  equation  written 
at  length,  but  the  following  0's  are  equivalent  to  the 
halves  of  the  succeeding  coefficients  taken  in  order.  If  we 
use  the  symbol  [<]  to  denote  (p+/)2  —  ®0,  the  constant 
coefficients    b,    satisfy  the  equation 

which  holds  for  all  integral  values  of  j  positive  and  nega- 
tive. An  abbreviated  specimen  of  the  equations  the  b}  sat- 
isfy is  shown  as  follows  : 

...  +[-l]»_,_    %Y\-    ®i\-...   =   0 

...  -       ®1i_1+[0]/-0-    ®1b1-...  =  0 
...  -       ©,&_,-    ©,&„  +  [!]  6,  -...   =  0 


All  the  i's  but  one  must  be  eliminated  from  this  group 
of  equations  and  the  result  is  an  equation  which  determines 
a.  I  have  given  this  equation  previously*  to  a  degree  of 
approximation  which  more  than  suffices  for  our  present 
purpose.     Employing  it,  we  find  that     p-  =  1.07279  78607 ; 

—  0.00000  00004  sin  (77  — 
+  0.00000  00215  sin  (77  — 
—0.00000  18705  sin  (77- 
-0.00028  32410  sin  (77- 
+  0.00110  6G224  sin  (77- 
+  1.00000  00000  sin  77 

That  this  series,  infinite  in  two  directions,  is  convergent 
scarcely  needs  demonstration. 

The  next  step  in  the  treatment  of  the  problem  is  the 
determination  of  the  part  of  w  factored  by  tan2i.  The 
rigorous  equation  for    w    is 


thai,  is.  calling  the  principal  argument  of  the  latitude  77,  we 
have 

,,  =   o-,- +  const.   =   1.00506  58465 1>  +  const. 

We  can  now  solve  the  group  of  equations  determining 
the  4's  in  terms  of  one  of  them,  preferably  l>u.  The  solu- 
tion gives  us 

.    ..  b{    <g+i>$*/-\,   ,  ,  „  b,    -<jr+i)  i-J-\ 
0  0 

where  60  and  />0'  are  the  arbitrary  constants  introduced 
by  the  integration.  But,  in  place  of  b0  and  //,/,  we  substi- 
tute the  arbitrary  constants     iandA,    such  that 


K 


i  tan  i . 


W~i 


h>  = 


£  tan  i .  c 


W-i 


Then,    77    being  equivalent  to     cr£  +  X, 

*  =   tan  1  .£",  --'  sin  (77+J^) 
0 

We  solve  the  group  of  equations  giving  the  values  of 

the     -'-     by  using  the  method  of  gradual  approximations 

0 
through  recursion.    Only  one  repetition  of  this  is  necessary 

to  get  the  values  of  the     — ■     correct  to  the  tenth  decimal. 

0 
The  value  of    s    arrived  at  is  : 

5£)  -0.00040  30991  sin  (v+   £)  ^ 

4£)  +0.00001  01773  sin  (v  +  2$) 

3£)  -0.00000  03429  sin  (77 +  3£)    I 

2£)  +0.00000  00077  sin  (77+4^)    f 

$)  -0.00000  00002  sin  (77 +  5£)    | 

J 
If    w    must  receive  the  increment   Sw   on  account  of   A 
hitherto  neirlected,  we  must  have 


K^] 


*£-A^-* 


W_    (l+y)(l+S2)- 


or,  neglecting  the  fourth  and  higher  powers  of  s, 

^+[i+ril^P-2]w-(1+r)+t(1  +  y)-  =  ° 

Making    f    the  independent  variable  and  putting 


W  = 


[e2_(w-l)2][w2-2yw-7(l-e2)] 


A'  =    - 


!  +  • 


2c2w2 
dw 


:/'S« 


the  integral  of  this  equation  takes  the  form 
j  rfw2 
T  ~dl 


=    W  +  A 


"Annals  of  Mathematics,  Vol.  IX,  p.  36. 


8w  + A 


dw  d  .  8w   _   d  W 

d£  8?  ~  dw 
But,  by  the  theory  of  the  variation  of  arbitrary  constants, 
Sw  may  be  supposed  to  result  from  the  application  of  a 
correction  to  the  arbitrary  constant  which  completes  the 
value  of  the  argument  S.  This  correction  can  as  well  be 
supposed  to  be  applied  to    ?.     Calling  it     8?,     we  have 

8w   =   --T-  S£,   and,    making   this   substitution   in  the  last 

<<i 
equation,  we  have 

dw"  d.8$ 

W    ~df 

Cancelling  the  terms  in  both  members  of  this  which  are 

equivalent,  we  have 


dw  d*w        _   dW 
dj  W  ~dl  ' 


+  A 


Sw 


d w2    d .  8£ 
The  last  gives 

dw    /*,./((W 


'w  r  Jdw 


=  A' 


dt 


dt 


1  +  y  dw  rfdw 
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As  tli' 


</\v 


enters  into  this  expression  an  equiva- 


iimber  of  times  when  we  consider  both  sides  of  the 
!  signs,  we  can  reject  fromil  a  factor  whfti  makes  i1 
small.     Eowever,  this  factor   musl    be  restored    when    we 


derive  from  the  expression  for  S£  the  part  of  it  propor- 
tional to  £,  that  is,  the  part  of  the  motion  of  the  perigee 
proportional  to  tan-/. 

From  the  preceding  value  of    s     we  derive 


l  +  i 


=   tan- /    - 


'  —0.88926  L535 

0.00125  0668  cos   £ 

•  0.0004864  17  cos  '-': 

+•0.00000  371  I  cos3i 

Q.000000048  cos  I: 


+0.000000002  cos  (2,     5j 

—0.000000546  cos  (2ij     I;  i 

0.00000  3882  cos  (-)/— ■">£ ) 

0.00050  2660  cos  (2V— 2f) 

f  0.00196  8352  cos  (2ij      i  i 

+0.88925  9439  cos   :\, 

—0.0007]  6900  cos  (2j;+  £) 

+  0.00017831 1  cos  I-.,  I  -i  i 

0.000000617  cos(2jy+3|) 

+0.00 11  I  cos(2ij+  Lm 


After  rejecting  from 


the  constant   tai-toi-      —  O.O.V.OOl'l  47."      it   heroines 


r 


sin    £ 

+0.005108593  sin2£ 
0.00011  7076 
ft    -  V  +0:000003000  sin  ii 
I    -0.00000  0077  sin."*   | 
['  +o.()(iiiiiiiiiiMiL'  sin 6|  J 


0.99988  2847 
J    +0.01022  3190  cos    i 
j    —0.000234306  cos2^ 

;    +o.o 6004  co    3< 

|    — o.ooi il.".l  cos  i; 

+  O.OOUOO  noo  l  cos  .'.; 


It,  in  tli.'   periodic  development  of     s2,     we  limit  ourselves  to  the  portion   independent  of  the  argument 
obtain,  after  multiplication  ami  integration,  the  expression 


-.*!<1+y)/*8§^  =  tAa 


f  0.88950  70'.to  cos  ( 
]  +0.00258  1996  cos2i 
-0.00011  4720  cos 3^ 
-0.000000126  eos4f 
(__  —0.000000005  cos  54 


This  being  multiplied  by  the  factor     k 


1+7 

fcc! 


m- 


there  results 


di   = 


tan'-( 
slnTf 


For  the  integration  which  comes  next  in  order  let  us  put 
Jfr.  +7i  tos  f +y*  cos  2£  +  . . .]  -.^ 

=   [s+£i  cos^  +  c,  cos 2^+  . . .]  sin^  +  A| 

By  differentiating  this  equation  and  comparing  the  co- 
efficients  it  will  be  found  that 


h  = 

-  2ys  -     4y4  -  6y0  - 

£o    = 

-  yi  -  hi  -  ■'!:■  - 

h  = 

-  y0  -    ys  -  2y<  - 

8* 

£■>      = 

|y,+  ^ys+-- 

e3    = 

y4  +    lye  +  •  •  ■ 

«4     = 

r/,+  r*ri  +  --- 

£-     = 

r-  . . . 

Applying  these  formulas  it   is  found  in  the  first   place 


—0.009100625 

+  0.89010  solo  cos    i 

-0.00652  3274  cos2i 
J    +0.00013  7485  cos  3£ 

-0.000007173  cos  4£ 
|  +0.000000227  cos5i 
^  -0.0000 17  cos6£ 

that     h  =  +0.013075285  tan2 i.     If  this  is  multiplied  by 

k,  we  shall  have  the  portion  of  the  motion  of  the  perigee 
factored  by    tan-/,    which  is 

&,-  =   —0.23772317  tan-/ 

The  residual  portion  of  the  integral  is 


tatr/ 

sin; 


-0.890521597 
+0.015638267  cos  $ 
+0.000275726  cos  2^ 
0.000007184  cos  3^ 
+0.000000151  cos  It 


[_  —0.0000 I   cos 


s4f   I 
a5i  J 


i/w 


If  this  is  multiplied  by     k    ,       we  obtain 

•'i 
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--(i.s;h):;::::;i; 

+0.00653204  cos  £ 
8w  =  tan'-/  -;  +0.00056  129  cos2| 
I  —0.00001  295  eos3J 
I    +0.00000027  cos  1; 

For  the  portion  of  <Sw  which  involves  the  argument  77 
it  is  necessary  to  employ  the  linear  differential  equation  of 
the  second  order 


,/$'■       e2|_  w4  -     r- 

n  this  we  have 

ir     3Y(i-ey 

c2l_  w4 


If  we  put 


^-^] 


0.99890  38887  "| 

+0.0307706154  cos   £ 
-0.0020353235  cos2£ 
+  0.001)12  73071  cos 3^ 
I    -0.0000045320  cos  4^ 
|    +0.0000001744  cos 5£ 
I    —0.0000000061  cosG£  J 


Sw   =  2"  /.-,  cos  (2ij  +  i; ) 

®0  +  2®j  cos  £  +  2®„  cos  2£  + 


1+v    . 

w 

we  have  for  finding 
of  linear  equations 


=   2'//,  cos  (2 7/  +  if) 

=    (2^r+02-®0 
the  coefficients    /.-, 


the  following  group 


These  equations  being  solved  we  obtain 

-0.00000  007  cos(2»7— 6£)  ^ 
+  0.00000  227  cos(2,j  :■;  > 
-0.00010285  c>s(2,,-4£) 
-0.01 830  848  cos 1 2,;  .;.  i 
+  0.00407  911  cos^  -;  ' 
8vv  =  tan'-i-J  -0.29855  849  008(2,-  £) 
-0.29386  799  cos  2,, 

0.00043539  cos(2,+  i) 
f  0.00000  630  cos(2,+  2f) 
-0.00000070  m*(2v+3£) 

I  +0.0O0O0OO2  COS(2jj  I    I;  i 


It  will  be  perceived  that  this  infinite  series  is  amply  con- 
vergent for  practical  purposes.  The  presence  of  the  small 
divisors  [-3]  =  -0.019..  and  [-1]  =  +0.021.. 
has  the  effect  of  making  the  coefficients  of  the  arguments 
2rj  —  3c  and  27/  —  £  abnormally  large  in  the  series  of 
coefficients,  but  the  ratio  of  decrement  in  the  coefficients  is 
scarcely  influenced  by  this  circumstance. 

The  next  step  in  the  elaboration  of  the  subject  would  be 
the  determination  of  the  change  8.s-  in  s  which  is  caused 
by  taking  into  account  the  portion  of  w  factored  by 
tan-/.  Here  we  should  have  to  deal  with  the  linear  differ- 
ential equation 


...  +  [- 

-1]  k_ 



®.  *f 



®2  *,  - . 

= 

//_ 

. . .  — 

0,  k_ 

+ 

roi*„ 

— 

®i  *,  -  • 

.  = 

Hn 

. .  .  — 

&,  k_ 

©i  *, 

+ 

[i] ;,,  -  . 

•  = 

Ik 

d-Ss 
~~dV2 


+    1  + 


8.s-  = 


4/3 


.sSw 


But  enough  has  been  done  to  show  the  practical  advan- 
tage of  retaining  periodic  series  involving  circular  func- 
tions. 


OX   THE   WORTHLESSXESS   OF  A   PROPOSED   FORM   OF    TELESCOPE, 

By  J.  M.  SCHAEBERLE. 


How  completely  certain  fundamental  principles  of  optics 
have  remained  hidden  ever  since  the  invention  of  the  tele- 
scope is  perhaps  best  illustrated  by  the  suggestions,  made 
at  various  times,  to  construct  a  reflecting  telescopie  in  which 
the  mirror  is  a  portion  of  a  paraboloid  of  revolution  cut 
from  the  surface  near  the  extremity  of  the  latus  rectum. 
The  reflected  rays  then  being  at  right-angles  to  the  incident 
rays,  no  dome  would  be  required  for  such  a  telescope,  and 
there  would  be  no  secondary  mirror. 

This  form  of  telescope  was  recommended  by  Professor 
Pickerixg  more  than  sixteen  years  ago  (see  Nature  for 
August  25, 1881).  In  the  Johns  Hopkins  ( 'ircular  for  June, 
1897,  Professor  C.  L.  Poor  advocates  the  construction  of 
such  a  telescope  and,  according  to  the  reports  of  the  dedi- 
cation exercises  of  the  Yerkes  Observatory,  Dr.  Poor  on 
that  occasion  exhibited  such  a  mirror  constructed  by  himself. 

To  show  the  utter  uselessness  of  such  an  instrument  only 


a  few  approximate  computations  need  be  made.  Let  L 
denote  the  distance  from  the  focus  to  the  center  of  the 
mirror  which  is  evidently  inclined  about  45°  to  the  line  of 
sight.  If  D  denotes  the  minimum  diameter  of  this  ellipti- 
cal mirror  the  maximum  diameter  must  be  D  sec  45°  if  a 
circular  cone  of  rays  is  to  be  used. 

The  linear  distances  from  the  focus  to  the  nearest  and 
most  distant  points  of  the  mirror  will  then  be  approxi- 
mately 

Least  distance        =   L  —  \  D  see  l.'> 
Greatest  distance  =   L  +  \  D  sec  4.">° 

If  we  assume  -=  =  -  the  greatest  distance  divided  by 
the  least  distance  becomes  1.22. 

This  quantity  is  approximately  the  blurring  factor  for 
the  given  ratio  of  focal  length  to  aperture  for  this  form  of 
instrument.      For   a    star  which  is,  say  only  5'  from    the 
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axis  of  thi  ind  in  a  place  containing  tin' 

longer  axis  of  the  mirror,  the  image  will,  therefore,  no1  be 
a  point,  bul  rather  a  line  of  light,  the  length  of  the  line 
being  no  less  than  66",  or  more  than  a  minute  of  arc! 
Exactly  at  •  mi   this  star-image  will  be  a  point, 

He*  0  '  California,  L891  Oct.  29 


lnii  for  all  other  positions  of  the  image  the  definition  will 
be  worthless. 

These  considerations  are  bul  special  applications  of  my 
results  given  in  No.  H3  of  the  Astr.  Journal. 

Further  illustrations  seem  to  be  unnecessary. 


ELEMENTS    AM)    EPHEMERIS   OF  COMET  b  1897  (pebrine)* 

isy  c.  d.  i'ki;ki\k. 
The  following  system  of  elements  has  been  deduced  from 
the  Mt.  Hamilton  observations  of  October  If..  21  and  31. 
The  observation  of  the  L6th  is  the  discover;  position;  those 
of  the  24th  and  31s1  depend  each  upon  the  moan  of  two 
,.l. solvations  b\  Professor  Husse?  and  myself,  made  within 
an  hour  of  each  other. 


Elements. 
T  =  1897  December  8*.84714  Gr.M.T. 

"  =  '.''.'.    '\   't"  I  Ecliptic  and  Mean  Equinox 
I  =  69  37    10.9  ) 
0.132056 


log? 
ltesiduals, 


O-C,      ./A'ros/3"    +4".l 


//j'  +4".:;. 


Ephemekis  fob  Greenwich  Mean   Midnight. 


1897 

Nov.29.5 

Dec.    1.5 

3.5 

5.5 

7.5 

9.5 

11.5 

L3.5 

1 5.5 

17.:. 


True  a 

b  Ml        s 

18  12  28 

11     4 

9  .M 

8  56 

8    5 

7  22 

6  15 

6  1  I 

7,  46 

is  5  21 


True  & 

f-56  34.0 

.V.  25.1 

54  21.0 

53  21.3 

52  25.9 

51  34.3 

50  16.6 
50     2.4 

49  21.3 

+  48  43.3 


logr 
0.134 

0.133 

0.132 

0.132 

0.133 


log  a 
0.041 

0.058 

0.074 

0.089 

0.103 


Br. 

0.72 


i  i.e.", 


0.55 


is:. 7 

True  a 

True  o 

logr 

log  A 

Dec.  19.5 

IS 

1  59 

1      IS       S.I 

0.135 

0.116 

21.5 

l  38 

47  36.3 

23.5 

1   is 

17     7.<> 

0.138 

0.127 

25.5 

1     n 

If.   W.2 

27.5 

3   in 

46  15.8 

o.l  11 

0.137 

29.5 

3  L'n 

45  53.5 

31.5 

18 

3    0 

+  47.  33.9 

o.l  15 

0.145 

Constants  foe  the  Equator  of 

1897.0. 

0.48 


0.13 


x  =  r[9.93SlS»]  sin(e  +  lC>S  23  55.1) 
y  =  r [9.696992]  sin(v+167  58  32.6) 
«  =  r[9.999999]  sin(«+   78   17  37.8) 

The  comet's  appearance  has  changed  considerably  since 
discovery.  For  the  first  few  days  it  had  a  sharply  defined 
stellar  nucleus  fully  as  bright  as  1-"'  and  a  decided  condensa- 
tion; and  was  easily  risible  in  bright  moonlight  with  the 
12-inch  telescope  and  power  of  150.  At  the  time  of  my 
last  observation,  on  Oct.  31,  there  was  no  stellar  nucleus 
and  no  condensation  at  the  head — the  comet  presenting 
the  appearance  of  a  streak  of  nebulosity  of  almost  uniform 
brightness  about  3'  long,  followed  by  a  fainter  streak  of 
2'  length,  and  was  much  fainter  and  more  difficult  to  meas- 
ure owing  to  the  absence  of  any  well  defined  spot  in  the 
head  upon  which  to  set  the  wires.  There  was  but  little 
chancre  in  size  to  be  detected. 


Lick  Observatory,  University  of  California,  Ml.  Hamilton,  1897  Nov.  6. 


*  From  Supplement  to  No.  Us. 


MERIDIAN-CIRCLE   OBSERVATION   OF   COMET  b  1897,* 

\\\    R.   II.  TUCKER. 

Is'.iT  Green,  m.  date        App.a  \yy.  n 

October  18         18.9011         3  22'" 5*51         +70°  7    11.2 
Lick  Observatory,  University  oj  California,  V891  Nov.  6. 


*From  Supplement  to  No.  II- 
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THE   ABERRATION  OF   PARABOLIC   MIRRORS, 

By  CHARLES   LANE   POOR. 


For  some  months  I  have  been  experimenting  with  para- 
bolic mirrors  for  reflecting  telescopes,  being  especially  inter- 
ested in  attempts  to  grind  and  polish  a  new  form  of  mirror, 
which  promised,  apparently,  many  distinct  advantages  over 
the  ordinary  form.  These  experiments  led  to  an  investi- 
gation of  the  theory  of  the  optical  properties  of  different 
portions  of  a  paraboloid  of  revolution.  To  my  knowledge, 
no  satisfactory  investigation  of  these  properties  has  hitherto 
been  published.  Astronomers  and  instrument  makers  have 
been  satisfied  with  the  fact  that  one  portion  of  the  field  is 
theoretically  perfect;  and  have  assumed,  apparently,  that 
the  field  is  sensibly  flat,  and  that  the  aberrations  in  different 
portions  are  insensible.  These  latter  are  very  far  from 
being  the  facts,  as  is  admirably  pointed  out  in  the  paper 
by  Prof.  Schaeberle,  in  Astronomical  Journal,  No.  413. 
The  formulas  contained  in  Professor  Schaebekle's  paper 
are  approximate,  and  are  derived  in  an  approximate,  and 
somewhat  obscure,  manner.  I  have,  therefore,  put  some  of 
my  results  in  shape,  and  give  them  in  the  following  para- 
graphs. These  formulas  are  rigorously  derived,  and  are 
accurate.  They  give  rise  to  several  interesting  theorems, 
concerning  the  field  of  a  reflector  and  the  various  foci  of 
different  portions  of  the  mirror.  In  the  present  article  I 
have  confined  myself  to  the  formulas  relating  to,  and  the 
properties  of  the  central  portion  of  the  paraboloid ;  that 
portion  which  forms  the  mirror  of  all  reflecting  telescopes 
now  in  use. 

Let  the  following  figure  represent  a  section  of  the  parabo- 
loid ;  OF  being  its  axis,  and  F  the  focus.  Further 
let 


P, 

r, 

■'■■  y, 
f, 


be  any  point  of  the  surface. 

the  radius  vector  drawn  to  this  point. 

the  rectangular  coordinates  of    P. 

the  focal  length  of  the  parabola. 

the  half  angular  aperture  of  the  mirror. 


Now,  suppose  a  beam  of  light  be  incident  on  the  surface 
making  an  angle,  a,  with  the  axis  of  the  paraboloid.  The 
central  ray  of  this  beam  is  incident  at  0,  and  is  reflected 
in  the  direction  OF';  the  ray  incident  at  P  intersects 
this  central  ray  at  F';  call  /'  the  distance  OF1.  This 
distance  will  vary  as  P  moves  along  the  parabola,  and  is 
therefore  a  function  of  6,  as  well  as  of  a.  A  general  ex- 
pression for  it  may  be  derived  as  follows : 


We  have  the  following  general  relations. 


sm  v  = 


and  from  t  he  theory  oi  the  |  arabola, 

/ 
cos2^  6 


(1) 


(2) 


•  ' 


90 
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(3) 


Combining  i  hese  we  find 
fsm6 


U  = 


=   -.' 


From  the  figure  we  have  in  the  triangle    OL  /'' 

(4)  f-OL 

sm0 

But,  OL  =  x+y  cot(6+a) 

The  equation  of  the  generating  parabola  is 

y*  =   ifx 
whence,  substituting, 

OL  =   'j  ,  +  ,//  oot(0+«) 

Substitute  the  value  of   OX   in  (4),  and  reduce  the  result 
l.\  means  of  (3)  and  we  shall  finally  obtain 


(5)      /'  = 


/ 


[cos  (0  +  a)  +  i  tan  i  0  sin  (0  +  «)] 


and  this  is  a  rigorous  expression  for  /'   and  shows  it  to  be 
a  function  of   0   and    a. 

If  in  this  formula  we  put   «   equal  to  zero,  the  expres- 
tces  to  f'  =  f,   an  expression  independent 
and  thus  shows  that  all  tin-  rays  are  brought  rigor- 
ously to  a  single  focus  when  the  incident  lighl   is  parallel 
to  the  axis  nt  figure.     This,  of  course,  is  the  ordinary  well 
known  property  of  the  parabola. 

If  we  put  0  equal  t<>  zero,  our  general  formula  reduces  to 


(6) 


/</  =  /cos« 


That  is,  as  the  angular  aperture  of  the  mirror  is  reduced, 
i]   length  Eor  oblique  rays  tends  to  the  above,  f,  as 
a  limit,  and  the  locus  of  /'  as  a  takes  different 
is  therefore  the  field  of  the  mirror. 

Equation  it'"  is  the  polar  equation  of  a  circle  with  /  as 

diameter:  hence  the  field   of  the  mirror  is  spherical  anil 

ameter  of  the  sphere  is  the  focal  length  of  the  mirror. 

As  the  triangles  PFL  and  OLF1  are  similar,  tin-  lour 
points,  0,  I',  /'and  /■"  lie  on  the  circumference  of  a  circle. 
This  gives  the  following  interesting  theorem: 

For  incidenl   light,  oblique  to  the  axis,  the  intersection 

central  ray  with  the   ray  from  any  point,    /'.    of  the 

parabola,   lies   on  the  circumference   of   a   circle    passing 

through  tin  the  mirror,  the  principal  focus,  and 

the  reflecting  point,    /'.   of  the  parabola. 

The  aberration  in  different  portions  of  the  field  maj  be 
rigorously  found,  as  follows  : 

For  oblique  lighl  the  linear  aberration  in  the  direction 
of  the  central  ray  will  be  . //''  =  /'  —  fj.  Substituting  in 
this  the  values  of  /'    and   fj    as  above  given,  we  have 

f 

I  -  [cos(0-t-«)+£tani0sin(0  +  «|.-  \  cos«|  1  r 


Expanding  the  cosine  and  sine  ol    0+«   and  reducing 
this  expression  take-  the  form 

/ 


■'/'  = 


[sin  u  sin  0  —  \  tan  I  U  cos0  since] 


',  0  l 
ing  out    sin  k.   this  may  be  put  in  the  form 


.//'  =    -/sin"  tan  r0 


[1+.c„Uj 


(") 


which  is  a  rigorous  expression  for  the  linear  aberration  of 
an  oblique  ray.  In  this  we  may  introduce  the  half  aper- 
ture, //.  by  the  relation  y  =  2/ tan -J- 0  and  we  have  for 
the  final  expression  for  the  linear  aberration 


If 


■  =    -^sin^l+^pp] 


(8) 


Avery  close  approximate  expression  tor  the  aberration 
can  be  derived  by  putting,  in  the  above  rigorous  formula, 
cos  ',  o    equal  to  unity.     We  then  have 


If 


—  J  y  sm  a 


(9) 


The  rays  from  the  upper  portion  of  the  parabola  come  to 
a  shorter  focus  than  do  those  from  the  lower  portion. 

Now,  let  o-  represent  the  transverse  linear  aberration  at 
the  point  where  it  is  smallest,  t  hat  is,  in  the  spherical  field. 
Then  from  the  figure  we  have 

<r  =  ./;''  tan0 

The  injurious  effect  of  the  alienation  is  proportional  to 
the  angle  which  <t  subtends  at  t  he  center  of  the  minor,  and 
calling  this  angle,    y.    we  have,  finally, 

a-  If 

tany   =         =  — 

Jo  .'0 

Substituting  in  this  the  value-  of  fJ   and     //''   we  have 


tan0 


tan y  =    —I  ' ,  tan  a  tan  6 

i 


[1  +  2^ 


which  is  the  rigorous  expression  for  the  injurious  effect  of 
the  aberration.  But  as  y  is  a  very  small  angle  we  maj 
replace  the  tangent  by  the  arc  itself,  and  our  final  and 
rigorous  formula  becomes 


7  =  -i 


y      fan 
/  '      tan 


atan0T.  1      "1 


A  very  convenient  and  close  approximation  to  the  above 

may  be  made  by  putting      cos-  i  0  =  1     and      tan  0  = 

We  then  h.i  ( i 


7    = 


./ 
(11) 


when  the  angle   </.   is  expressed  in  seconds  of  the  arc. 

Conclusion.     Thi  t    a  faint  star  situated   at  an 

angle    «    from  the  center  of  the  field,  will  be  a  disc  whose 
diameter   is    y,    as  given  by  equation^  1 II)  or  l,y  the  approx- 
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imate  form  (11).  The  size  of  the  star-disc  is  directlj  pro- 
portional to  its  angular  distance  from  the  center  of  the 
field,  and  approximately  proportional  to  the  square  of 
the  aperture,  and  inversely  proportional  to  the  square  of 
t lie  focal  length  of  the  mirror. 

As  we  have  seen,  the  true  field  of  a  parabolic  mirror  is 
spherical,  while  the  field  as  used  for  photography,  or  for 
visual  purposes,  is  plane.  Hence,  even  if  the  star  images 
in  the  true  field  be  points  of  light,  their  projections  on  the 
photographic  plate  will  be  discs.  The  images  in  the  true 
field  are  discs,  and  these  will  therefore  be  enlarged  before 
they  reach  the  flat  plate.  This  effect,  however,  will  be 
very  small  in  comparison  to  the  aberration  as  above  dis- 
cussed. In  every  case,  however,  the  curvature  of  the  field 
increases  the  size  of  the  discs,  and  the  injurious  effect  is 
slightly  increased. 

The  annexed  table  shows  the  results  as  obtained  above, 
and  applied  to  reflectors  of  different  proportions.  The  first 
column  gives  the  ratio  of  aperture  to  focal  length  ;  the 
next  three  columns  the  size  of  a  star-disc  on  the  field  of 
least  aberration  for  various  distances  from  the  center  of 
the  field  ;  and  the  final  column  gives  the  veal  size  of  a  star- 
disc,  as  it  would  appear  on  a  photographic  plate,  distant   1 


from    the   center.      This   column   contains 
effect  of  aberration  and  curvature  of  field. 


Table. 


the    combined 


Aperture 
rocal  Length 

5' 

Aberrat  ion 

30' 

1° 

Star-Disc 
1°  from  center 

i 

2.3 

13.5 

27.(1 

33.3 

i 

i; 

1.6 

9.4 

18.7 

23.9 

]_ 

1.1 

6.8 

13.7 

18.2 

l 

0.9 

5.3 

10.5 

1  1.1 

1 

1  ii 

0.6 

3.4 

G.7 

9.8 

1 

1  -J 

0.4 

2.3 

4.7 

7.3 

1 
1  .-, 

0.25 

1.5 

3.0 

5.1 

L 

0.1  1 

0.8 

1.7 

3.2 

From  the  above  table  we  see  that  in  the  superb  reflector 
of  Isaac  Roberts,  Esq.,  the  disc  of  a  star  1°  from  the  cen- 
ter of  the  field,  would  exceed  half  a  minute  in  diameter. 
These  results  agree  very  closely  with  the  approximate  ones 
derived  by  Schaeberle.  But  on  account  of  the  curvature 
of  the  field  his  results  are  in  every  case  too  small,  and  he 
therefore  underestimates  the  injurious  effect  of  the  aber- 
ration. 


OBSERVATIONS    OF     THE 


Si?' 


1897  Oct.  18 
Nov.  1 
Nov.  15 


G.7 
4.5 
4.3 


Mean  1897.S39 


175.17 


The  Editor  has  kindly  sent  me  the  advance  sheets  of 
Dr.  See's  singularly  strange  article  on  "Remarks  on  the 
Rediscovery  of  the  Companion  of  Sirius  and  on  the  Ele- 
ments of  the  Orbit "  (A.J.  418).  I  have  no  comments  to 
make,  except  to  state  that  the  Lick  Observatory  observa- 
tions are  correct  within  the  limits  of  the  probable  errors  of 
observation. 

Procyon. 

Oct.     8  324.°!  4*70 

17  323.0 

18  323.8  4.76 

29  324.2  4.51 

30  326.2  4.59 
Nov.    1             324.3  4.67 

15  325.2  4.71 

Mean  1897.821  324.40  4.66 

# 
Lick  Observatory,  University  of  California,  1 S97  Nov.  16. 


BINARY    SYSTEMS    OF    SIBIUS,    PROCYON  AND 
85  PEGASI  (0733), 

By     .1.     M.     SCHAEBERLE. 

The  companion  to  Procyon  has  finally  been  seen  at  two 
other  observations.  Dr.  See  of  the  Lowell  Observatory 
writes,  that  on  the  first  of  the  present  month  he  and  his 
assistant,  Mr.  Boothkovd,  saw  and  measured  the  com- 
panion. 

Professor  Barnard  writes,  that  on  the  third  of  the  pres- 
ent month  the  companion  "was  clearly  and  distinctly  seen" 
with  the  great  refractor  of  the  Yerkes  Observatory  during 
a  few  moments  of  steadiness,  but  that  before  he  could 
measure  it  the  seeing  became  bad  again. 

So  far  as  I  know  these  are  the  only  observations  of 
Procyon's  companion  made  away  from  Mt.  Hamilton. 


3.92 
3.95 
3.99 


3.95 


85 

Peg 

asi  (£733). 

July    3 

211.3 

0.85 

5 

214.3 

0.81 

9 

210.6 

0.86 

10 

213.5 

0.S3 

12 

211.0 

0.76 

Aug.  27 

213.5 

0.79 

Sept.  13 

210.8 

It.  73 

Oct.  1 1 

21  t.9 

0.67 

ean  1897.593 

212.49 

0.79 
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OBSERVATIONS  OF    MINOR    PLANET  (194)  PROKNE, 


\l  x  I > I      \v    WIS  D80R,    .N.  S.  WALES, 

Bl    JOHN    TEBB1    I  I 


No. 

Planet 

—  * 

Planet's  Apparent 

lo;: 

pA 

L891  Windsor  M.T. 

* 

1  "olllp. 

Ja 

J8 

a 

8 

for  a 

for  8 

Aug.  15 

h         in         s 

'.I    II   .v. 

1 

15 

13.67 

-  2  :,:■•.:• 

56  07, 

-  3    i  28.7 

n9.564 

ftO.663 

•.ill  55 

2 

17, 

3     15.  IS 

22  33  56.91 

»9.564 

L6 

1"    II   56 

3 

lo 

+  7  25  17 

f    5      5.o 

22  33  28.27 

3  20  :>■■,:> 

//O.I  10 

„o.07,;; 

17 

lo     o  51 

3 

lo 

+  6  57.01 

-12   15.0 

■sj  :;:;    0.72 

-  3  38  1  l.o 

„0  los 

„o.o.-,;; 

10      0    51 

1 

10 

+  L'  43.54 

22  33    0.69 

,,0.  I0S 

18 

9  :;i  35 

5 

10 

_3     0.38 

+    0  21.2 

22  32  31.95 

-  3  55  40.:; 

//'.).  505 

,,0.057, 

9  :;i   35 

o 

10 

-4   L8.96 

+    1  38.4 

22  32  31.76 

-  3  :>:,  40.7 

,/0.7,07, 

,,0.07,7, 

19 

o  ::i     o 

5 

12 

_:;  30.34 

-  8  5o.o 

22  32     2.ol 

-  4  13  51.1 

„0.55S 

„o.051 

o  :;i     o 

6 

11' 

_4    18.87 

2i'  32     l.so 

»9.558 

1':; 

9   lo   13 

7 

10 

+  4  45.67 

-  7  55.2 

11   10   55.7,7 

-  5  28   is.o 

,,'.1.50  I 

„o  635 

IT, 

s  57  28 

s 

lo 

_3  42.57 

+  11     2.  1 

._,._,  28  is. ii 

-   6  11  34.2 

//0.501 

b0.632 

s  57  28 

'.I 

10 

_4   Is. 50 

+  11  29.3 

■J.  28   L7.93 

-  0  11  05.:; 

,,0  7,0  1 

,/o.o:;i 

10 

s  :•:,  15 

10 

20 

+  0  39.52 

-17  31.0 

21   20  07.70 

-  7  21  7,5.r, 

,,0.7,11 

//O.010 

30 

'.l   18   1-". 

11 

10 

+  4  49.49 

-ML'   17.1 

22  20     3.86 

-   7  41    11.5 

,o.i  86 

,,o.007 

.'.1 

8     17,      7, 

11 

10 

+  4   17.7,0 

-  0  22  7 

.-J  -:.  31.87 

-   8     o      1.5 

,'.»  7,  17 

r0.613 

Sept.   2 
4 

9  36  13 

12 

16 

_0  46.83 

-  o  31.5 

■-  1 1   25.  I  l 

-   8  OS    11.5 

„o  398 

aO.586 

s   50    15 

13 

12 

+  1  56.97 

-14      1.7 

■J'J  20  13.05 

-   9   17,    17.7 

„'.).  1S5 

»i0.588 

10 

9  18  38 

1  1 

10 

-4    17.7,0 

+    0    17.0 

12   10   IS. 01 

-11     5     7.7 

,,o.:;:;7 

,/0. 545 

1.". 

s  7,:;  is 

15 

15 

_L>     3.20 

-11     IS. 5 

TJ    10    1  1.00 

-11  7,o  31.5 

,,o.:;si 

„o.7,:;5 

Mean   Places  for  1897.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

1,         1,1         8 

!■•  37  36.52 

+  4.10 

_  2 

7,0 

57.4 

_j_  •)■»  •  > 

Lalande  14422 

•' 

22  37  38.29 

+  1.10 

Lalande  14423 

3 

22  ^r<  58.96 

I  +4.14 
\  +4.15 

-  3 

10 

10.1 

I     -117 
,  +21.8 

Glasgow  L870.5853;  Radcliffe  1890.6042 

4 

■sj  30  13.01 

+  1.1  1 

Lalande  44136;   Lamont  1602 

5 

22  35  28  18 

f  +4.1  7, 

j   +  1.17 

-    1 

5 

24.0 

t    fll.5 
,  +22.6 

Radcliffe  1890.6073 

6 

Tl  36   16.57 

j  +4.15 

j  +4.16 

+4.24 

-   4 

o 

41.0 

+  -J-J.r, 

Glasgow  1870.5912 

22  25     5.66 

—   5 

10 

46.1 

+  22.4 

Glasgow  1870  5846;  Radcliffe  1890 

8 

•SJ  :',1   56.50 

+4.28 

-   6 

05 

50.0, 

■  23  0 

Lalande  14188;  Lamont  4612 

9 

22  32  32.15 

+  1.28 

-  6 

36 

17.7 

+  20.1 

Lamont  161  1 

10 

■sj  .:•  53.92 

+  1.32 

—   7 

1 

47.4 

+  'J-J.S 

Schj.9210;  Greenwich  1880.8777;  Radcliffe  1890.6041 

11 

22  21    10.02 

(  +4.05 
,    •   I  35 

-   " 

5  1 

1.1 

(   +12.5 
1   +22.0 

Radcliffe  1890.6025 

12 

22  -:<    7.oo 

+  4.07 

-  8 

38 

32.9 

+  12.0 

Radcliffe  1890.6039 

13 

■:-i  21  21.69 

+  4.39 

-  9 

•  > 

•  ).l 

+  21.7 

Radcliffe  1890.6027 

11 

■j-j  -i:>  11.76 

+  1.45 

-11 

11 

18.2 

+  ^.:> 

Cape  Catal.  L850.4505;  Sarnall  .  11  161;  Radcliffe 
1860.2224;  Brus.  1865.10065;  Gr.  1872.211 1 :  Arg, 
Gen.  Catal.  30696;  Gr.  1880.3769;  Stonell769; 

Melb.  1880.1098;  Cape  1885.1598;  Radcliffe 
1890.0040 

15 

22  21   13  40 

+  1.10 

-11 

17, 

:>.:, 

+  22.5 

Cape  1850.4494;  Tarn.  10129;  Gr.  1864.2564;  Brus. 

1865.10037;  Arg. Gen. Catal.  30622:  Rad.  1890.6026 

e  observations  have  been  made  with  the8-iuch  equa- 
torial and  filar  micrometer  in  a  bright  field.  The  planet 
appears  to  have  been  much  neglected  of  late  years,  and  its 
orbit  requires  a  considerable  correction,  as  will    be   seen 


from  the  following  results  of  a  comparison  by  Mr.  C.  J. 
Merfield  of  Sydney,  with  the  ephemeria  in  the  Berliner 
Astronomische  Jahrbuch.  It  is  probable  that  Star  No.  1 
has  a  considerable  proper  motion  in  declination. 
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1897 

Correction  to  Ephemeris 

IS!  IT 

i  "i  rection  to 

Sphemeris 

in  u 

in  6 

in  a 

in  o 

Aug.   L5 

+  11  1.06 

+52.9 

Aug.  26 

+  i"'ii;.V,o 

+49.2 

!.-» 

+  1  14.02 

26 

+  1   16.32 

+48.1 

16 

+  1   14.58 

+  11.11 

29 

+  1  16.23 

+45.8 

17 

+  1  15.06 

+43.3 

30 

+  1   16.12 

+44.9 

17 

+  1  15.03 

31 

+  1   16.33 

+43.1 

18 

+  1   1  1.98 

+46.6 

Sept.    '-' 

+  1  16.15 

+  40.7 

18 

+  1    14.70 

+46.2 

4 

+  1    16.03 

+  37.9 

!'.) 

+  1  15.27 

+45.4 

in 

+  1   14.79 

+34.2 

19 

+  1  15.12 

13 

+  1  14.06 

+  29.0 

23 

+  1   15.91 

+43.8 

Private  Observatory,  Windsor,  N.8.  Wales,  1897  October  6. 


SMALL  STARS 

By  E.  E. 

Dr.  See  has  suggested,  in  his  valuable  paper  on  the  com- 
panion of  Sirivs,  A.J.  41S,  a  method  of  determining  the 
mass  of  Sirius  by  micrometrical  measures  of  its  position 
with  reference  to  neighboring  stars.  He  gives  measures  of 
four  small  stars  near  for  this  purpose. 

In  1895  I  measured  Sirius  with  reference  to  two  of  these 
stars  while  examining  it  at  the  request  of  Mr.  Burnham 
with  the  36-inch. 


NEAR    STBIUS, 

BARNARD. 

A  anil  E  K  —  16M 

1897.841  195°.4 


Ah 

D  =  14*± 

1895.244 

151.3 

90.46 

.266 

151.6 

90.57 

1895.255 

151.5 

90.51 

AC 

C  =  13"± 

1895.266 

98.9 

72.92 

Dr.  See's  estimate  of  the  magnitudes  of  these  stars  does 
not  differ  very  much  from  mine,  except  that  he  reverses 
their  order  of  brightness ;  D  and  C  are  his  E  and  D. 

With  the  40-inch,  here,  I  have  measured  two  smaller 
stars  nearer  Sirius. 


A  and  F 
1897.841 


F  =  1C|SI 
3°.0 


57".69 
50".08 


There  is  another  star  of  15M,  50"  ±  preceding  F. 

The  motion  of  Sirivs  is  nearly  along  the  line  of  these 
two  stars  —  towards  E  —  at  the  rate  of  about  1  \"  per  year. 
It  would  therefore  seem  that  E  and  E  would  be  excellently 
suited  for  the  investigation  of  the  motion  of  Sirius,  though 
a  powerful  telescope  will  be  required  for  their  measure- 
ment. The  star  E  will  become  more  difficult  as  Sirius 
approaches  it,  and  before  many  years  will  become  a  close 
companion  to  the  great  star,  at  which  time  it  will  doubtless 
be  beyond  the  reach  of  any  telescope. 

I  did  not  notice  any  star  in  the  position  of  Dr.  See's  C 
(190M    ,    46".16). 

These  objects  will  be  measured  again,  and  I  simply  send 
this  note  to  call  attention  to  the  two  smaller  stars. 

Terkes  Observatory,  1897  Nov.  19. 


ELEMENTS   OF   COMET  b  1897, 


By  II.  C.  WILSON. 


From  the  observation  by  Perrixe  Oct.  16,  and  two  by 
Wilson,  Oct.  22  and  29,  with  the  assistance  of  Miss  A.  S. 
Young,  I  have  computed  the  following  elements  of  the 
comet's  orbit : 

T  =   Dec.  8.9216  Gr.  M.T. 

„,  =  66°  10  11  ) 
Q  =  32     4     9  - 1897.0 
i  =   69  37  21  ) 

log?  =  0.131858 

J\„  cos/?,,   =    -2"     ;     J/3„   =    -2" 


Constants  for  the  Equator. 

x  =  r  [9.938187]  sin  (168  28  34) 
y  =  r  [9.696962]  sin  (168  2  33  | 
z  =  r  [9.999996]  sin  (  78  22     5) 

With  the  16-inch  telescope  the  comet  had  at  first  very  much  the 
appearance  of  the  Wells's  comet  of  1882.  It  had  until  the  last 
observation,  on  Nov.  1,  a  stellar  nucleus  of  about  12",  a  bright  nar- 
row streak  of  tail  4'  or  5'  long,  and  a  broader  exceedingly  faint  tail 
about  10'  long.  The  bright  streak  in  the  tail  was  so  nearly  equal  in 
brightness  to  the  very  slight  condensation  about,  the  nucleus  that 
observers  with  small  telescopes  would  be  likely  to  bisect  the  streak 
rather  than  the  nuclear  condensation,  and  their  observations  might 
therefore  be  as  much  as  1'  or  2'  in  error.  Computers  need  therefore 
be  on  their  guard  to  see  that  the  observations  which  they  use  were 
made  with  sufficient  light-gathering  power  to  show  the  nucleus  of 
the  comet. 
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EPHEMBRIS   OF    LONG-PERIOD    VARIABLES    FOR    L898, 

W-,   S.  i  .  CHANDLER. 
The  following  ephemeris  is  based  on  the  elements  of  the   I  asterisk  p]  a  I   the  Dumber.     In  these  cases  the 

Third  i  .  except    for   the   stars   indicated   bj    an   |  following  changes  have  been  introduced. 


in:; 
I  16 
207 
268 
294 
132 

C.V.I 

2080 
28 1 .-- 
.11' 1 1 
1573 
5190 
5249 
6449 


rAndronn 

ptoris 
r  Lndromedae 
A  Sculptori  i 

l/'Cassidj" 

S  i  lassiopeae 
A"  Uassiopeae 
//  ( iolumbae 
/'  Geminorum 
S  I  '\  xiilis 
/,'/    \  irginis 
/,'  Camelop. 
!'  Librae 
T  Or.ii 


.1/     )u  Maximum 

115         L891   Dec.   II  (241  2081  i   r  27  I  E 

100::      1889  Nov.  29  (241  1336)  +  203  E? 

lv. H,  NmV.    5  .I'll  3869)  +  2( '.•"•  E 

1895  Dec.   17  (2413545)  +  250  E  ? 
215:       1895  Julj   12  (241  3387)   r  104  E? 

300:       1863  \pr.  19(2401615)  1- 609.5  E +25  sin  (18°  E +0°) 

230:       1894  Sept.  10  (2413082)  +380  E? 

Klriiirnts  of  Third  <  'atalogiR'  rejcctrd 

Correction  to  Epoch  of  Third  Catalogue  +20d 

1896  Mar.    3  (241 3622)  +  213  E? 
L896  Julj    lo  (2413751  |  f  155  E 

See  A.J.  XVII,  p.  128 

Elements  of  Third  Catalogue  rejected 

See    I.-/.  XVII,  p.  20 


'.i 


22      (7"Sculptoris 

268*    XSculptoris 

906      BTrianguli 
T  Camelop. 
II  Monocerotis  0 
/  Canis  min.     8.5 
5  Geminorum  8.5 
UGi  minorum  9.3 


1623 
2445 
2735 
2742 
2815 
3637 
1225 
Il(i7 
5070 


9 

7.5 


L5 


in 
8.5 
6.5 
6.5 

s 

7.7' 

7.5 

7.7) 


30 
14 

2 

0 

II 

17. 
7 

:;d 
'.) 
6 

'-'7 

23 

20 
I'd 
22 
20: 

s 

III 

Feb. 

JfSculptoris     8*5  L9 

S  Piscium         8.5  10 

8  5 

Z'Eridani          7  25 

STauri             9.5  28 

ae         7  27 

TColumbae      7.7,  13 

o  ;; 

7  7 

UBoo               9.5  :; 

brae           8  15 

in  L'l 


.s  ( larinae 

\  i  lentauri 

BCorvi 

/  Virginis 
5566  El  Librae 
6044      SHerculis 
6849     /.'  ^.quilae 
7192      ZCygni 
7266  /,'/> 
7299      UCjgui 
7468      rAquarii 
77)77      A"  i  lapricorni   In 
7590      ZCapricorni     0 
7999      .\'AMuarii  8.5 

8622     Mr.:,  8.5 


inl 
134 
976 
L386 
1 582 
1855 
1894 
2258 

17,1  1 
7,  I'll 

5593 


')7"(i 
5903 
5955 
6132 
6207 
7085 
7252 
7101 
7455 
7733 
7909 


Mam  u 

I'd,. 


yScorpii         1<> 
)  Scorpii         lo 
/,'  Draconis        7.7. 
BOphiuchi       7.5 
/uphin,  -In       8 
BTCygni  7 

JFCapricorni   10.5 
/,'  Microscopii    8 
CTCapricorni   10.5 
FCapricorni  10.5 
.v  Piscis  austr.  0 


1850 

L'l  00 

2625 
2815 
2976 
3264 
l  192 

1 7,  L'l 

1596 

7,1107, 

5237 
5321 

.-,7,0  1 

6608 
6894 

COO.. 
6943 
7139 
7210 
7448 
77)7 1 
70O7 
8230 
8597 


iSPictoris 
!'  ( (rionis 
I'<  l-eminoruni 
I '  ( ii'iniiKiruni 
PCancri 
II  Cancri 
)'  Virginis 
/,'  Virginis 
V  Virginis 
/,'  i  lentauri 
B  Bootis 
S  Lupi 
S  <  '.oronae 
/,'  V  Sagittarii 
<S  Lv  rae 
//  Sagil  tarii 

Mar 

/,'/,'  Sagittarii 
SCygni 
II'  Aquarii 
l'(  lapricorni 
'   Aquarii 
tarii 
n 


is 
9 
17, 
lo 
22 

17, 

1 

10 

Mar 

8M5  10 

7  28 

8.5  29 

o.:;  20 

7        17, 


0.7,  11': 

S.7,  1 

7  8 

S  l'l 

<>  14 

7  13 

9.5  12 

7  8 

S  20 

o  :;i 

7.7,  10 

S.7,  i;; 

7.7.  19 

o  10 


is:  is. 

A|,r. 

H 

110      STucanae         s.7,  20: 

1  Hi-     Z'Sculptoris     8  1: 

CCassiopeae     s.7,  13 

V  Andromedae  8  1"> 


l'l:; 
IT,  7 
SI  7, 
1717 
2583 
47.7.7 


BCeti 
FTauri 
tjPuppis 
SUrsac.Maj. 
5174  BS  Virginis 
5583     XLibrae 
FCoronae 
II  Scorpii 
/.'  Scorpii 
6062  B.RScorpii 
6921      S  Sagittarii 
xCygni 
Z'Delphini 
F  Aquarii 
7  156  BJBCygni 
8324      PCassiopeae 


8 
0 
3.5 


7ii ; , .  i 

7,707) 
5830 


71i'o 
7  111 
717,0 


S 

0.7. 

7..-.  20 

10.7,  11 

10         7 

7      Id 

9.5  20 

I 

0        7 

S       20 

S.7,    10 

7..~.    10 


<)  17 

0.7,  11 

s.7,  :;i 

o  17 


01'  SSculptoris 
132*    S  I  lassiopeae 

782  BArietis 

1S07,  FOrionis 

L944  SOrionis 

3060  CTCancri 

3637  6'Carinai 

1260  II  (Vntauri 

1948  BCanumVen 

5037  BB  Virginis 

7.017  ri.il, rar 

5704  EB  Librae 

5831  SScorpii 

6682  ZOphiuchi 

7118  A   \'|<iilar 

7211  6  Aquilae 


0.7. 

s 
s 

S.7, 

0 

0.7. 

0 

S.7, 
.  0.7. 
II 

0 

S.7, 
10 

7 

S.7, 

o 


May 
11 

13 


Maj 

7100  ^Aquilae         9        7: 
7458  FDelphini        «.)  12 
77.00  BVulpeculae    8  17, 
700  1  /,'  Piscis  austr.  s.7,  20: 

June 

11  1  .set,  7*5  lo 

K',0  V  Piscium  0.7.   17 

1211  BPersei  s.7.  30 

2528  BGeminoruin  7        1 

2691  Z'< lanis  min.  0.7.  23 

281  •".*  /  ( leminorum  9.3  2.'! : 

2857  i '  Puppis  s.7,     7 

3184  7/Hydrae  7.7.  27 

3994      M nis  0.7,     7 

1377  rVirginis  s.7,  30 

1826  /,'  Eydrae  1.7,  1  I 

is  17  N  Virginis  6.5  17 

7,7.oi  SSerpentis  8      11 

5887  FOphiuchi  7        1 

5931  SOphiuchi  s.7.  17 

07.1 1  Z'Herculis  7.7.     , 

7101  BDelphini  s.7.  -:< 
70H  rPegasi  '.>      i<> 

July 

so;;  l  Ceti  7*      .". 

losl  S  Camelop.  s.7,  29 

nor,  FMonocerotis  0.7.  20 

3244*  M'vxidis  8.5     :i 

4315  B  Comae  7."-  19 

17.21  B  Virginis  7      •"! 

1816  FVirginis  s.7,   13 

7,loo-  BCamelop.  8      26 

:,:::^s  (JBootis  9.5  30 

5430  rLib  9.5     8 

5644  ^Librae  11       L3 

6449*  rDraconis  8      24: 
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July 

Sept. 

i  i,i 

Nov. 

6923 

ZSagittarii       8*5   LO 

845 

KCeti                8 

18 

L803 

T  Leporis 

s"     20: 

002  1      rSerpentis      lo 

711)1 

1!  Microscopii   8      1 1 

L582 

STauri              9.5 

4? 

3637 

,s'  ( larinae 

0       21 

6849     I;  Aquilae          0.5  23 

7659 

rCapricorni     9      -1 

is;  i4 

rColumbae       7.5 

19 

3825 

/,'  [Jrsae  Maj. 

7        9 

09OO     W  Aquilae            7.5    12: 

7813 

TJGruis             8.5     5 

2445 

//  Monocerotis  9 

21: 

1  192 

)  Virginia 

S.5      0 

7200  RTSagittarii       7.5  30 

SOU) 

SGruis            7      19 

2530 

rCanis  min.  lo 

9 

151  l 

'/'  Ursae  Maj. 

7       2(1 

7lol      I;  Microscopii    8      27 

8068 

S  Lacertae        8      22 

28 1 5 ' 

V  ( iciiiinoruin   9.3 

18: 

4596 

1 '  Virginis 

8       14 

7907      U  Aquarii         9.5  25: 

3128 

It  Pyxidis         8 

12: 

5237 

//  Bootis 

7       24 

79o«.)      SPiscisAustr.9      18 

112 

678 

715 

>.  Aug. 
ffi  Andromedae  7      16 

C/Persei            7.5  31  : 
S  Arietis           9.5     8 

3418 
3425 

R  Carinae          5 
X  Hydrae          8.5 

13 
15 

560] 
5856 

(SUrsae  min. 

TFOphiuchi 

7.5     4 
9        4 

7999     A' Aquarii            S.5  15 

3567 
5194 

FLeonis            8.5 
F  Bootis             7 

26 

5928 
5955 

7'(  ipliiuchi 
22  Draconis 

10      23: 

7.5  12 

Dec. 

1635 

R  Reticuli         7        5 

5438 

Y  Librae            8.5 

16: 

C.S71 

FLyrae 

r272  Aquilae 

Z  Cygni 

S  Aquilae 
/,'  I'egasi 
SPegasi 

9     22: 

267      V Andromedae  8*    34 

2478 
2583 
2684 

/,'  Lyncis           8      20 
Z„Puppis           3.5  31 
^Canis  min.     7.5  22 

5583 
5593 
5677 

X  Librae             9.5 
W  Librae           10 
R  Serpentis       6.5 

12 
15 
15 

7155  i 

7191' 

7242 

8.5  22: 

8  19 

9  19 

419     U  Andromedae  9     25: 

466      U  Piscium          9.5     7 
976      T  Arietis            8      15 

2780 
3170 

TGeminorum  8.5  18: 
5  Hydrae          8     20 

5761 
5950 

ZScorpii          9 
TCHerculis         8 

9 

3 

8290 
8373 

7.5     9 
7.5  30 

1761     72  0rionis           9        2 
2258      V  Aurigae         9      13 

3477 
3493 

R  Leonis  min.  7      12 
7,"  Leonis            6      17 

6050 
6903 

72  ,S  Scorpii            7 
T  Sagittarii       8 

7: 
3 

8512 

R  Aquarii 

7      17 

2025      FGeminorum  8.5  30 
2815*    C/Geminorum  9.:;  13: 

4940 
5095 
5157 

JL  Hydrae          6.5   15 
R  Centauri        6      22 
£  Bootis            8      21 

7234 
7252 
7260 

B  Capricorni     9.5 
JF  Capricorni    10.5 

Z  Aquilae          9 
S  Delphini         9 
U  Capricorni    1 0.5 
RR  Cygni             8.5 
t7Pavonis          9.5 

3: 

6 
14: 

02 

S  Sculptoris 

Nov. 
6*5  11 

2946     A'Camii             7      15 
2976      FCancri             7      12 
4994      S  Leonis            9.5  15 

5494 

S  Librae            8      27 

7431 

20 

294*  FFCassiopeae 

8.5     5: 

4521     R  Virginis          7      23 

5511 

RS  Librae           8        3 

7  1  .")."> 

6 

401 

V  Sculptoris 

8.3  26: 

4573*72  fT  Virginis        8      37. 

5770 

7?  Herculis        8.5  24 

7456 

28 

513 

72  Piscium 

8      25 

5037  RR  Virginis        11       20 

5770 

Z  Scorpii         10      21 

7482 

1 

659* 

.V<  'assiopeae 

9.5     8 : 

5566  R  U  Librae            s.5  10 

61707,' IL  Scorpii           9.5     6: 

7560 

R  Vulpeculae    8 
R  Lacertae         9 

29 

782 

R  Arietis 

8        6 

5617      U  Librae            9      13 

6943 

7077 

rSagittae         8.5  25: 
Z'Pavonis         7.5  28 

8153 

20 

1386 

2013 

TEridani 
U  Aurigae 

7        5 
8.5     5 

5795    W  Scorpii         10.5     2 
5889      U  Herculis         7        5 

7085 

RTCxgni             7      25 

2539 

R  Canis  rain. 

7.5  16 

6132     R  Ophiuchi        7.5  18 

7428 

F Cygni            8      12 

Oct. 

2742 

/SGeminorum  8.5     4 

0331   AWSrorpii             9.5   15 

746S 

T  Aquarii          7.5  16 

22 

F  Sculptoris      9*" 

27 

4225 

A' Centauri 

8       10: 

0905      /,' Sagittarii       7.5  15 

7571 

FCapricorni     9      21 

sue, 

oCeti                3.5 

6 

1107 

R  Corvi 

7      29 

0021      £  Sagittarii       9.5     7 

7577 

A' Capricorni  10      25 

906 

7,'Trianguli       6.5 

16 

4557 

S  Ursae  Maj 

7.5  11 

715o      V  Aquarii          8      16 

7733 

rCapricorni  10.5  26 

1018 

R  Horologii       0 

21: 

5070 

Z  Virginis 

10      1.0 

7609      TCephei           6      23 

7779 

SCephei           8.5     7 

1113 

U  Arietis           8 

18 

5830 

1!  Scorpii 

10      17 

7783  7? ?7 Cygni              7.5  28 

M  Sept. 

1577 

R  Tauri              8 

24 

5s:;  l 

S  Scorpii 

10        '.) 

8230      £  Aquarii           8.5  36 

103 

TAndrom.         8      14 

1717 

F  Tauri              9 

13 

6044 

S  Herculis 

6.5  13: 

S32I      FCassiopeae     7.5     4 

268* 

X  Sculptoris       9      12: 

1771 

R  Leporis           0.5 

21 

05 12 

THerculis 

7.5  17 

8597      FCeti                9      13 

Mi 

vima, 1898 

Jan. 

Jan. 

Feb. 

Mar 

110 

S  Tucanae      <11      — 

7994 

fiPisc.Aust.<ll" 

— 

583  J 

S  Scorpii      <13" 

5430      T  Librae       <m"     25 

114 

S  Ceti              12      16 

8324 

FCassiopeae  12 

4: 

593] 

S  Ophiuchi  <13 

5761      ZScorpii          12      — 

243 

C/Cassiopeae  <15        3 

617022  TF  Scorpii 

14      — 

5770      R  Herculis   <13      — 

845 

R  Ceti               13      24 

Feb. 

705'.) 

T  Capricorni 

13.5  22 

0512      T  Herculis       11      21 

1805 

FOrionis      <13      28 : 

62 

S  Sculptoris    10* 



6900     FT  Aquilae        11      — 

252S 

R  Geminor.  <13      31 

112 

R  Androm.   <13 

27  • 

Mar. 

0903,      T  Sagittarii  <11      — 

2691 

T Can.  min.  <13      — 

715 

S  Arietis          14 

24: 

400 

1 '  Piscium 

15M    26 

72  12      S  Aquilae        11      15 

2857 

ETPuppis      <14      — 

782 

R  Arietis          12 

o 

659* 

ZCassiopeae 

12      23: 

7260     Z  Aquilae        11      — 

3060 

C/Cancri        <14 

1717 

FTauri         <13 

2 

678 

V  Piscium 

11.5  16: 

750O      /,'  Vulpeculae  13      14 

4847 

£  Virginis       12.5  11: 

1981 

S  ( lamelop.      11 

10 

893 

c7Ceti 

12         3: 

8068      S  Lacertae   <12      31 

5095 

R  Centauri         9      13 : 

2266 

FMonocer.      11 

— 

1222 

72  Persei 

13      26 

5583 

X  Librae          14      11 

2583 

7..,  Puppis           6 

3 

1771 

7/  Leporis 

8.5  23 

Apr. 

5617 

^Librae       <14      — 

3184 

f  Hydrae      <13 

— 

2478 

22Lyncis       <13      30 

294*  fFCassiopeae  11*5    4 

6921 

S  Sagittarii     14.5     0 : 

.",477 

R  Leo.  min.      13 

23 

2530 

FCan.  min.  <13 

1035     JJ  Eeticuli    <13     — 

6943 

TSagittae         9.5  22: 

3994 

S  Leonis       <13 

2: 

20SI 

jSCan.  min. 

11      11 

20  13     U  Aurigae        12     _ 

7201 

R  Delphini      12      20 : 

1315 

R  Comae       <13 

— 

32  l  1 ' 

S  Pyxidis 

11      — 

2780      T  Geminor.  <13      — 

7428 

FCygni          13.5     4 

4377 

rVirginis        12 

— 

3493 

72  Leonis 

10     20 

3128     R  Pyxidis     <11      — 

7456  RR  Cygni             9.5  - 

4940 

W  Hydrae           8 

— 

3637 

S  Carinae 

9        4 

3170      S  Hydrae      <12      — 

7813 

R  Gruis         <12      — 

5037 

Kfi  Virginis    <14 

. — 

IS  10 

V  Virginis    <13 

34 IS      R  Carinae          9.r,  30 

79 1 1 

TPegasi       <13 

5644 

Z  Librae       <13 

— 

5190* 

I!  <  iamelop. 

12.5  28: 

5157      S  Bootis           12.5  17 
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A.pr. 

.lull.' 

An-. 

\..\. 

5338 

i   Bootis          1  2.5  26 

5194 

r  Bootis            9.5     I 

2625 

FGeminor.      13      20 

2100 

/  Orionis     <12      13: 

551 1   RS  Librae          13 

5583 

ZLibrae          1  1      21 

2946 

RCancri      <ll       12: 

2583 

/    Puppis          0      lo 

5677 

13      1. 

5593 

^Librae      <14 

2976 

n  ancri      <12      21 

2857 

1   Puppis     <1  1      — 

6050  RS  So  rpii          1 1.5 

5889 

i   Herculis      12      21 

3994 

SLeonis      <13      12: 

3060 

rcuiirn       <ll      — 

7155  RR  iquilae     <12 

5955 

R  Draconis      12.5  22 

5617 

CALibrae      <1  1 

3184 

rHydrae     <13     — 

7234 

,ric.      <13 

6044 

SHeroulis      12      18: 

5831 

SScorpii      <1.">     — 

1816 

^Virginia   <13     — 

7  1 82 

ri';l\uliis       <12        — 

6331  RCfScorpii        12.5  —    5903 

)  Si  orpii         1  1 

10  IS 

R  Can.  Vcn.      1  1 .5 

7577 

ZCaprio.      <16      30: 

6624 

rSerpentis  <13            620"! 

ZOphiuchi     12      11. 

5095 

ROentauri        0      30 

8290 

RPegasi       <13      20: 

7192 

XCygni           11.5   16:  07-12 

rHeroulis      11      31 

5430 

rLibrae      <13     18 

85 1 2 

RAquarii        11      — 

7252 

iric.      <1  1      11:6921 

SSagittarii     1  1.5   19: 

7,7,0  1 

<SCoronae       12       8 

77.71 

PCapricorni   11      — 

72  12 

SAquilae        11        8 

5511 

RSLibrae         13     — 

May 

7  CI  HI 

bei           9.5     6 

7  17,0 

1'  A(|imrii           9.5  — 

7,776 

\  Scorpii      <13     — 

[03 

TAndrom.      13*    22 

7783  RT/Cygni            9 

77,00 

/A  lapricomi   1 1.5  — 

6682 

XOphiuchi       0      — 

268* 

ptoris    12     — 
RHorologii     10     — 

7999 

X  Iquarii        13      — 

8230 

S  Lquarii     <12 

6894 

S  Lyrae          12     — 

1  I  i  1  8 

8373 

S  Pegasi          13        9 : 

8324 

l  'i '  issiopeae   12     21  : 

71  IS 

\  A.quilae    <12     — 

111.". 

1761 
1803 
24  15 

V   \n,n,        <11 

R  Orionis         12        2: 
rLeporis        11      — 
W  Monocer.  <10     — 

1  If,- 

101 

July 

rSculptoris    lo      13: 

rsnil].t.     <12     — 

s.V.i  7 
8600 
8622 

FCeti              11 
RCassiopeae  lo     22 
FTCeti             12 

7120 
7200 
7201 
7577 

Y  Cygni          1  :;.5  25 
'/.  A.quilae       1 1 
RDelphini      12        7: 
XCapric.     <16 
rCapricorni  14 
Z'Capricorni   13.5  18 
S  Lacertae  <12      19 

3425 
3567 

\  Hydrae        12     — 

ri.roiiis     <13     — 

U9 

845 

V  A ii.l i . mi .    <13      — 
RCeti              13      10 

110 

Sept. 
STucanae   <11 

77,71 
7659 

sues 

152] 

R  Virginia       L0.5  23 

1386 

7/Eridani        11      — 

134 

SPiscium    <1  1        2 

1573* 

I:  l '  Virginis      12      — 

1717 

FTauri        <13      23 

166 

l '  Piscium        1 5      15 

5438 

1  Lib:  te         12      — 

2539 

RCan.min.     10        9: 

1  S7.7, 

RAurigae       12.5  27 

Dee. 

5494 

SLibrae      <13 

3637 

SCarinae         9     30 

27:;.-, 

U  Can.  min.     12.5  22 

111 

SCeti              12"      2 

5601 

S  1  rrsae  min.  1 1.5  — 

1107 

RCorvi        <11      — 

3264 

FFCancri      <13     — 

715 

SArietis         It      13: 

5776 

2  Scorpii      <13      — 

1492 

FVirginis       12      13: 

5037  ///.'  Virginia    <1  1 

1582 

STauri           13      .".0 

5856 

fFOphiuchi  <13      — 

1511 

7/Ursae  Maj.  12.5     4 

5321 

SLupi         <12      — 

1635 

RReticuli    <13 

5950 

FFHerCulis       13         1 

1 7.7.7 

5UrsaeMaj.ll      21 

6062  /,'/,' Sn.ipii           9.5   18: 

1717 

FTauri         <13       Mi 

6871 

VLyv&e       <12 

1596 

^Virginia       12.5  18 

6608  RTSasittarii     12 

1 89 1 

TColumbae    11      — 

7077 

FPavonis        12     — 

5237 

RBootis          12      14 

704.-, 

RCygni       <14        2 

loll 

S  Orionis         1 2      1 5 

7085  RTCygni          L0.5  29 

5566  RD  Librae      <12 

7220 

SCygni        <1  1 

1981 

SCamelop.     11      20 

7404 

RMicroscop.  12       8 

5795 

u  Scorpii     <14       9 

7299 

E7Cygni           lo.7,  28 

2001 

TCan.min.  <13      — 

7431 

SDelphini      11      25 

5830 

RScorpii     <13     — 

7404 

R  Micros.        12      21 

3170 

SHydrae     <12 

7  155 

I  Capric.      <13      — 

6132 

ROphiuchi<12 

7448 

IJ'Aquarii          9.5  22: 

3186 

7'Cancri           10      24 

7468 

rAquarii        12.5  20 

6849 

RAquilae       11        2 

1200 

II  'Ontauri       13      — 

77:;:; 

)  ( lapricomi  14     — 

6905 

RSagittarii     12.5  23 

Oct. 

1377 

rVirginis       12     — 

8153 

/,'  Lacertae  <13     — 

6943 

rSagittae        9.5     6: 

243 

[JCassiop.    <15        6 

5157 

5  Bootis          12.5  30 

7260 

RAquilae       11      — 

893 

UCeti               12      25: 

5190* 

.RCamelop.      12.5  27: 

June 

7266  RTSagittarii<ll 

1 222 

RPersei          13      22 

5494 

S  Librae       <13 

22 

PSculpt.     <i2M    — 

7456  BJi  Cygni            9.5 

1805 

FOrionis     <13      21  : 

7,501 

S'Serpentis     12.5 

513 

RPiscium    <13      29 

77,00 

ft  \  ulpeculae  id     20 

1850 

SPictoris    <13      — 

5583 

A' Librae          14        5 

806 

OCeti               9      16 

7907 

I   A.quarii        14      — 

3244* 

SPyxidis        11       — 

5593 

(('Librae       <14      — 

906 

RTrianguli     11.5  19 

7909 

SPisc.aust.<ll     — 

4521 

RVirgiriis       10.5   15 

7,0  1  1 

Z  Librae       <13      — 

1577 

RTauri           13        G 

5174 

RiSVirginis       12     — 

6943 

rSagittae        9.5  18 

1 582 

STauri           13      26? 

Aug. 

7,:;:  ;s 

^Bootis          12.5   10 

7077 

7/Pavonia       12 

1894 

rColumbae    1 1 

62 

SSculptoris   10     — 

5675 

FCoronae        11       31 

70S7, 

RTCygni           10.5     7 

2583 

/.   Puppis          6      23 

107 

TCassiopeae  11.5     8 

7,7ol  III!  Librae          14 

7212 

SAquilae       11      33 

2742 

eminor.<13      30 

267* 

FAndrom.  <12      — 

5887 

FOphiucbi     lo        6 

727,2 

II  Capric.     <14     36 

3825 

I;  CTrsae  Maj.  12.5  21 

782 

RArietis         12        7 

5931 

£Ophi»chi<13      — 

7  1 7,7. 

U  Capric.     <13     — 

1 225 

XCentauri      12      23 

'.170 

7/Arietis          9.5  10 

7139  R.RSagittarii<12.5     3 

7i7,i;  RJZCygni            0.5  - 

5070 

^Virginia    <14      — 

1623 

TCamelop.  <12        4 

7111 

SDelphini  <13 

7I0S 

rAquarii        12.5  10 

5095 

RCentauri        9      23 

2258 

FAurigae    <11      13 

7001 

.RPisc.austr.<ll     — 

77.".:; 

FCapricorni   14     — 
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EBEATIOl     "i     PABABOLK     MlRKORS,    l:\    CHARLES    I.WI.    POOB. 

L.TIONS  oi   nil    Binabi   Systems  oi    Smius,  Pboctok    ind  85  Pegasi  (0733),  bi   J.  M.  Schaebeble. 

P]    LNEl     I  \'>'  1    PBOB  N  I..     B\     JOHM    TEBB1    II. 
SlBIl   9,    B1      E.     E.     B  \KV  LBD. 

Ki.kmi  397,  by  II.  «'.  Wilson. 

ERIS    OF    LOXG-PEBIOD    VARIABLES    FOB    1898,     B1     S.    C.    (    BANDLER. 
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Daily  Means. 


Date  <p  Pairs 

(1)  Definitive  Reduction. 


Feb.  8 

55  47  22.96 

11 

23.06 

IS 

23.09 

19 

23.05 

27 

22.88 

Mar.  1 

22.99 

3 

23.04 

7 

23.02 

8 

22.91 

13 

23.05 

14 

23.01 

15 

23.17 

16 

23.35 

20 

23.06 

2(3 

23.04 

27 

23.13 

31 

23.27 

Apr.  1 

23.24 

11 

22.98 

18 

23.02 

19 

23.02 

20 

23.00 

21 

23.18 

22 

23.15 

24 

23.01 

25 

23.01 

26 

23.07 

27 

23.10 

May  3 

23.20 

5 

23.28 

7 

23.05 

8 

23.13 

10 

22.99 

15 

23.30 

16 

23.13 

19 

23.31 

20 

23.33 

23 

23.16 

24     55  47  23.23 


Date 

1895 

June  1 1 
12 
14 
15 
16 
19 
20 
22 
25 
26 

July  22 
23 
28 
30 
31 


55  47 


Aug. 


31 


Oct. 


Nov. 


26 

3 

11 
12 
13 
24 

28 


23.20 
23.10 
23.16 
23.08 
23  22 
23.26 
23.20 
23.08 
23.22 
23.22 

23.28 
23.08 
23.43 
23  24 
23.20 

23.27 
23.23 
23.17 


Sept.  1 

23.15 

4 

23.39 

5 

23.32 

11 

23.09 

15 

23.07 

16 

23.17 

17 

23.09 

23.30 
23.32 
23.19 
23.15 
23.13 
23.11 
23.14 
23.18 

23.13 
23  22 
23.09 
23.09 
23.05 
55  47  23.08 


Pairs 

14 
14 
14 
14 
13 
14 
14 
14 
14 
14 

14 

14 

1 

22 
14 

10 
15 
14 


Date 

1895 


Dec. 

13 

55  47 

23.07 

14 

23.23 

15 

23.04 

25 

22.86 

28 

22.85 

31 

22.99 

1890 

Jan.   1 

22.90 

7 

22.88 

10 

22.87 

16 

22.97 

22 

22.72 

24 

22.93 

25 

23.14 

26 

23.03 

28 

22.94 

Feb. 

1 

23.05 

o 

23.10 

9 

23.00 

13 

22.89 

15 

22.74 

18 

22.SS 

19 

23.09 

22 

22.90 

26 

23.05 

Mar. 

8 

23.16 

11 

22.92 

20 

22.S2 

25 

22.92 

30 

22.89 

31 

22.60 

Apr. 

5 
9 

23.15 
23.05 

10 

22.96 

14 

22.93 

17 

22.SC, 

18 

22.S6 

20 

2°  92 

23 

22.94 

28 

55  47 

22.94 

May 

2 

7 

55  47  23.06 
22.96 

16 
15 

17 

23.00 

15 

23 

23.00 

15 

June 

o 

22.95 

11 

3 

22.98 

11 

4 

22.96 

16 

8 

22.94 

1  1 

15 

22.95 

3 

16 

23.01 

14 

19 

23.04 

14 

21 

23.00 

6 

22 

22. OS 

14 

23 

22.7S 

12 

24 

22. '.IS 

11 

28 

23.13 

13 

July 

14 
15 

23.20 

23.24 

14 
13 

24 

23.24 

14 

25 

23.24 

14 

27 

23.20 

14 

28 

23.27 

14 

30 

23.10 

10 

Aug. 

4 

23.13 

14 

15 

23.08 

11 

23 

23.35 

15 

26 

23.30 

15 

Sept 

'.i 
12 

23.27 

23.48 

6 
14 

13 

23.36 

15 

20 

23.42 

11 

22 

23.27 

L5 

23 

23.19 

15 

26 

23.23 

15 

27 

23.30 

I.", 

Oct. 

2 

23.24 

11 

3 

23.21 

S 

5 

55  47  23.17 

3 
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7 

55   17  23.43 

12 

10 

17 

11 

23.24 

17 

13 

23.23 

17 

22 

23.27 

8 

28 

23.19 

17 

Nov. 

21 

23.46 

1 

.... 

23.39 

5 

23 

23.23 

17 

Dec. 

1 

23.23 

5 

•  > 

23.32 

L6 

3 

23.50 

7 

8 

23.35 

17 

'.i 

23.13 

8 

h; 

23.35 

9 

•_'i 

23.37 

9 

24 

23.10 

9 

26 

23.15 

L3 

Jan.   20 

23.19 

3 

21 

22.93 

8 

.,., 

.,.,  ,r. 

16 

24 

3 

26 

22.98 

5 

31 

55   17  22  84 

9 

Date  t" 

(1)  Definitive. 

20  55    17  23*00 

M        15  23.10 

Apr.   19  23.07 

May   13  23.20 

June  L8  23.17 

17  23.21 

27  23.22 

L2  55   17  23.16 


Feb.     2 


50 

1  I  l 

160 

154 

139 

65 

39 

si 


Max. 


Apr. 


2 

55   17  22.80 

5 

22.94 

6 

8 

22.93 

9 

22.94 

11 

23.05 

15 

23.07 

17 

22.95 

18 

22.50 

10 

23.00 

11 

23.19 

12 

22.93 

13 

23.18 

1  1 

23.22 

L5 

22.84 

it; 

22.77 

22 

22.95 

23 

22.76 

24 

23.31 

31 

22.82 

4 

22.90 

5 

22.77 

8 

22.86 

9 

22.8  1 

10 

55  47  22.88 

Date 

l-'.'T 

Apr.  11' 
28 
!".» 

30 


May      2 
1 

6 
11 
L3 
L6 
20 


28 
31 


June    1 
2 

3 

I 
8 

lu 
11 
18 


22.98 
22.77 

22.82 


22.69 
22.97 
22.96 
23.06 
22.8  I 
22.94 
22.96 
22.71 
23.01 
22.7  1 
22.82 


22.84 
22.96 
22.87 
22.75 
22.91 


55    17  23.04 


Date  j»  Pairs 

(2)   Provisional  Reduction, 
mn  o      >      ' 

July  3  55  1 7 
11 
L5 
L6 
17 
22 
23 
26 


Aug.  10 
11 
L6 
17 
20 
21 

L'.'I 

24 

Sept,  I" 
L2 


29     55   17  23.07 


22.90 

14 

23.00 

1 

23.00 

14 

22.99 

1  1 

23.08 

14 

23.07 

1  1 

23.05 

1  1 

23.00 

1  1 

23.1  l 

1  1 

23.00 

15 

23.11 

15 

23.22 

17. 

23.28 

15 

23.03 

15 

23.05 

11 

.,•;    •>., 

r» 

23.20 

14 

23.21 

15 

23.12 

12 

23.24 

17 

23.31 

17 

23.15 

1 

Mono  m.v   M  bans. 


Date 


Pairs 


Date 


Oct.    L6     55  4  7  23.19     113 
Nov.  15  23.11       80 

Dec.    l'.i  23.08      51 


i-'.; 

Jan .  L5 

Feb.  15 

Mar.  19 

Apr.  16 


22.91 
22.96 
22.93 
22.96 


May    12     55  47  23.01 


98 
114 

78 
129 

61 


June  15 

55    17 

L'L'.'.IS 

1  15 

1*'.I7 

Feb. 

10 

55 

17 

22.93 

87 

July  23 

2Q  22 

93 

Mar. 

18 

23.00 

l.M 

Aug.  17 

23.23 

55 

Apr. 

14 

22.85 

L28 

Sept.  20 

23.31 

106 

May 

19 

22.89 

116 

Oct.    12 

23.26 

110 

June 

7 

22.86 

111 

Nov.  23 

23.27 

23 

(2) 

Provisional. 

Dec.    11' 

23.28 

93 

July 

20 

23.03 

L16 

Aug. 

17 

23.13 

L05 

Jan.   24 

55    17 

22.93 

11 

Sept. 

19 

,,.i 

17 

....  .... 

65 

THE 


ABERRATION  OF   PARABOLIC  MIRRORS* 

By  CIIAKI.KS    LANK    POOR. 


The  form   of   mirror  discussed  in  this  article  was  first 
ted  l'.\    Professor  Pn  kering.     The  beauty  and  sim- 
plicity of  the  resulting  equatorial  mounting  led  me  to  an 
attempt  to  grind  and  polish  a  small  mirror  of  this  kind; 
these  attempts  were  partially  successful.     I  did  not,  how- 
btain  anything  like  the  definition  I  had  hoped  for. 
At   the   time   I   attributed  this  to  bad  figuring  and  inex- 
perienced workmanship,  and   thought   thai  with  due  care  a 
perfect  mirror  could  ultimately  be  constructed.     A   thor- 
d  of  the  optical  theory  of  the  surface  now 
me  that  a  grea  as  inherent 

in  the  form  that   however  perfect  the  figure  of 

the  mirror  might  be,  the  definition  would  be  so  poor,  except 


in  the  center  of  the  field,  as  to  render  the  mirror  useless 
for  all  astronomical  purposes. 

The  mirror  in  question  is  a  portion  <>l  the  surface  of  a 
paraboloid  of  revolution,  cut  at  the  extremity  <>f  the  lotus 

.  and  has  the  property  of  bringing  to  a  single 
all  the  rays   parallel  to  the  axis  of  figure,  the  axis  of  the 
reflected  pencil  being  perpendicular  to  that  of  the  incident 
beam. 

The  experiments  above  referred  to  were  described  at  the 
Astronomical  Conferences  held  iii  connection  with  the  dedi- 
cation of  the  Yerkes  Observatory.  An  abstract  of  that 
paper  describing  the  form  of  mounting  has  appeared  in  the 
.  Istrophysical  Jon rnal '. 


formulas  and  conclusions  of    this  article  were   derived   during  the   first  week   in    November.     The  manuscript    was   mailed 
23,  the  day  on  which  Xo.  419,  containing  Prof.  ScHAEBEELE's  article,  went  to  press.     His  article  reached  me  on  Dec.  1.  —  C.  L.  P. 
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For  this  form  of  mirror  trie  center  of  trie  field  is  perfect. 
To  investigate  the  field  as  a  whole,  take  the  center  of  mir- 
ror as  origin  of  coordinates,  and  the  central  reflected  ray 
as  the  axis  of  X.  Call  /  the  focal  length  of  the  mirror; 
0,  the  angular  aperture  of  the  mirror  as  viewed  from  the 
principal  focus.  Consider  now  a  beam  of  parallel  light 
incident  on  the  surface  of  the  mirror  at  an  angle  a  to  the 
axis  of  figure  or  90°  +  «  to  the  axis  of  X.  As  in  the  last 
ease  a  ray  incident  at  the  center  of  the  mirror  will  be  re- 
flected at  an  angle  a  with  the  axis  of  A".  A  ray  from  (lie 
edge  of  the  mirror  intersects  this  central  ray  at  a  distance 
f  from  the  origin.  A  rigorous  expression  tor  /'  in  terms 
of  /,  0  and  a  can  be  derived  in  a  manner  similar  to  that 
of  the  former  case  discussed,  and  is  found  to  be 

(1)     f'  =  r^inl  L"cos(a+*)  +  sin  («+0)  (tan*  0-1)] 

This  is  a  general  formula  for  this  case;  by  making  0 
vary  between  its  extreme  positive  and  negative  values  we 
rind  the  focal  length  of  different  portions  of  the  mirror;  by 
making  a  vary  we  find  the  focal  lengths  for  different 
portions  of  the  field.  Put  a  —  to  zero  and  we  find  /'  =  /, 
which  shows  that  rays  parallel  to  the  axis  of  figure  from 
all  portions  of  the  mirror  are  brought  to  a  single  focus; 
this  is  the  ordinary  principle  of  a  paraboloid  of  revolution. 

Put    0    equal  to  zero  and  our  general  equation  reduces  to 


(2) 


f0'  =  /  (cos  a  —  sin  a) 


and  this  is  the  equation  of  the  field  for  the  parabolic  sec- 
tion of  the  mirror  under  consideration.     It  is  a  circle  of 

radius     -1— -     and  whose  center  is  situated  at  a  point  whose 

v  2 
coordinates  are  +  4/  and  —  \f.  The  field  of  this  para- 
bolic section  is  therefore  inclined  at  an  angle  of  45°  to  the 
central  raj',  or  to  the  axis  of  X.  It  is,  however,  flatter 
than  the  field  of  the  usual  form  of  mirror;  the  radii  of  the 
circles  for  mirrors  of  the  same  focal  length  being  in  the 
ratios  of  1  to  the  yj%.  It  might  be  possible  to  use  a 
photographic  plate  with  a  section  of  a  mirror  of  the  above 
form,  but  it  would  be  next  to  impossible  to  use  an  eyepiece, 
as  the  axis  of  the  eyepiece  must  be  placed  parallel  to  the 
axis  of  the  pencil  of  light  falling  upon  it,  and  as  the  field 
is  inclined  to  this,  the  eyepiece  would  have  to  be  focussed 
for  each  and  every  portion  of  the  field ;  only  one  point  of 
the  field  being  in  focus  at  any  one  time. 


The  linear  aberration  along  the  central  ray  for  the  beam 
of  light  incident  at  I  be  ang  Le    a   is  given  by, 

If    =  f'-fo' 
and  substituting  the  values  of  /'   and  /.'   in  this  we  find 
alter  some  trigonometrical  reductions, 

df  =   — /sina[tan£0+tan0tan(45°+£0)]       (3) 

which  is  a,  rigorous  expression  for  the  aberration.  Com- 
paring this  expression  with  the  corresponding  expression 
tor  the  aberration  of  an  ordinary  mirror  we  find  that  they 
differ  only  in  the  last  term  of  the  parenthesis.  For  all 
possible  values  of  0,  this  term  in  the  above  equation  is 
always  greater  than  the  corresponding  term  in  the  expres- 
sion for  the  common  form  of  mirror.  Hence  in  the  form 
now  discussed  the  aberration  is  always  greater  than  in  the 
older  form  of  mirror. 

Again,  calling  y  the  injurious  effect  of  the  aberration 
(y  being  the  angle  that  the  transverse  linear  aberration 
subtends  at  the  center  of  the  mirror)  we  have  as  in  the 
former  paper, 

7  =  7i r^TT — rr,  [tan  4-0  + tan  0  tan  (45° +4  0]        (4) 

'        (1—  cot«)  tanl"  L 

and  this  is  an  expression  for  the  size  of  the  star  disc  in 
the  field  of  least  aberration. 

In  the  former  case  the  reduction  for  curvature  of  the 
field  was  very  small  in  comparison  with  the  aberration;  in 
the  present  case,  the  reduction  for  curvature  and  inclina- 
tion of  the  field  is  very  large  in  comparison  to  the  aberration, 
unless  the  field  is  taken  at  an  augle  to  the  incident  light. 

To  sum  up  my  investigation  in  regard  to  this  form  of 
mirror  we  have : 

Points  in  favor :  1.  Convenience  and  rigidity  of  equa- 
torial mounting.  2.  Freedom  from  diffraction  caused  by 
the  secondary  mirror. 

Points  against:  1.  Difficulty  of  making;  hence  in- 
creased cost.  This  is  offset  by  the  saving  in  the  cost  of 
mounting.  2.  Inclination  of  the  field.  3.  Great  aberra- 
tion ;  hence  the  useful  field  is  much  smaller  than  that  of 
the  ordinary  form. 

Taking  all  these  points  into  consideration,  I  am  forced  to 
the  conclusion  that  this  form  is  useless  for  practical  work. 
This  is  extremely  disappointing,  for  at  first  sight  the  ad- 
vantages of  this  form  seemed  to  far  outweigh  any  increased 
cost  owing  to  the  difficulty  of  grinding  and  polishing. 


NOTES   ON   VARIABLE   STARS,  —  No.  21, 


By   HENRY   M. 

V  Lijrae.  The  depression  of  051.3  observed  last  year, 
producing  two  equal  maxima  (Astronomical  Journal  393), 
was  not  repeated.  Revising  the  observations  of  last  year, 
using  the  latest  determinations  for  the  factors  and  for 
the  comparison-stars,  the  depression  remains;  but  the  sec- 


I'AKK  HURST. 

ond   becomes  the  principal  maximum,  the  time  being  un- 
changed. 

Correction.  In  A.J.  415,  11  Hydros,  April  12.  for  5™. 59 
read  4".59.  On  April  15,  the  discrepancy  of  a  magnitude 
is  neither  typographical  nor  clerical. 
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RESULTS    ISBR1   \  riONS. 

i  ibserved  Date 

N 

Star 

Phase 

Julian 

K 

(    olT. 

w 

Mag. 

factors 

Remarks 

5593 

n   Li 

Max. 

HOI 

1897 

June  25 

34 

35 

;i 

11.70 

0.41 

0.37 

7 

5675 

V  i   >ronae 

Max. 

1050 

M .  i  \     5 

L9 

_  2 

s 

o  1 

_ 

_ 

_ 

.Miner  max.  :",  weeks  later 

5688 

li  Librae 

Max. 

4097 

June  2] 

- 

- 

3 

1  1.1 

- 

o.so 

- 

Probablj    a   few    .lays    earlier 

5704 

/;/:  Librae 

Max. 

U30 

July  24 

16 

-12 

6 

8.91 

nP  =  715:  days 

5770 

B  Herculis 

Max. 

4191 

Sept.  23 

37 

-15 

9 

9.32 

1 .28 

L.64 

27, 

5776 

A  Scorpii 

Max. 

4126 

July  20 

39 

+   1 

9 

11. 27, 

O.S2 

o.so 

29 

5795 

IV  Scorpii 

Max. 

11. -.7 

An-.  20 

35 

-24 

3 

- 

_ 

- 

- 

Corresponds  «  ill,  :',SS 

5830 

/,'  Si  orpii 

Min. 

1050 

.May       5 

56 

- 

E 

_ 

_ 

_ 

_ 

583] 

S  Scorpii 

Max. 

1086 

June LO 

124 

+  13 

3 

lo.o 

_ 

_ 

_ 

Very  uncertain 

5887 

V  Ophiuchi 

Max. 

4093 

.liiiic  17 

28 

-47 

9 

7.48 

1.0.1 

1.07, 

2:; 

Fluctuation;  only  one  max. 

5950 

IV  Eerculis 

Mill. 

JUL' 

July     (') 

24 

-14 

o 

_ 

- 

- 

_ 

i  observations  unsatisfactory 

6044 

S  //•  rculis 

Mill. 

4183 

Sept.  15 

49 

4-32 

S 

12.94 

L.31 

1.00 

70 

+  10,  by  transition  el.  388 

6160 

i;  y  II. 

M  i  i 

1107 

July     1 

- 

_ 

9 

10.02 

l.Ol 

0.26 

12 

Period  :;io  days? 

6207 

Z  Ophiuchi 

Min. 

H56 

A.ug.  L9 

5 

-  9 

8 

r_'.:.;. 

o  70 

O.OS 

27, 

6512 

T  II,  rculis 

Mi  . 

Hi':; 

Julj  17 

65 

*    3 

7i- 

7.6 

o.7,7 

0.46 

:;.-, 

a 

a 

Min. 

121] 

Oct.    i:: 

66 

+  5 

9 

13.15 

0.83 

0.82 

13 

6682 

X  Ophiuchi 

Max. 

1089 

June  13 

12 

+   8 

'.) 

6.86 

0.58 

1.:;:; 

is 

Fluctuation 

6849 

It  .  1 

Mm. 

H89 

Sept.  21 

45 

+  :;7 

9 

13.]  1 

2.27 

L.69 

12 

—  8,  by  sine  el.  363 

6871 

/'  Lyrae 

Max. 

4222 

Oct.    24 

4 

+  14 

9 

10.68 

L.30 

0.90 

21 

s,..-  note  abo\  e 

6888 

/,'  IV  Sagittarii 

Max. 

list 

Sept.  L6 

- 

- 

9 

9.32 

0.26 

o.  is 

11 

i  Ireal  fluctuation 

6892 

I!  X  Sagittarii 

Max. 

1098 

June  22 

- 

- 

3 

8.5 

_ 

0.6 

:;o 

Period  320  days? 

6894 

S  Lyrae 

Max. 

3950 

Jan.  25 

3 

- 

E 

_ 

_ 

- 

- 

( ii, mi-.,  tend  to  confirm  period 

6! 

IV  Aquilai 

Max. 

1090 

June  14 

2 

-  1 

7 

o.l.s 

0.96 

2.16 

:;.-, 

Fluctuating;  comp.  «  ith  el.  398 

5593  W Librae. 

(Continued  Iron,  S88.) 

Julian    Calendar      Mag. 

1064.7   Maj    19    11.6] 
1074.7  29    13.1] 

1094.6  June  18 


Individual  Observations. 

Including  Observations  by  Arthur  C    Perry. 


1096.6 

4096.6 

1097.6 

W98.6 

4099.6 

U01.6 

H02.6 

H03.6 

t.106.6 

1110.6  July 

H28.6 

4136  6 


11.7 
11.53s 

1  l..,:r 

i  1.68 

11. '.it.. 
11.70. 
11.59, 
11.  Si-' 
11.77., 
11.87, 
12.01,, 
12.29, 
1 2  5 


5688  R  Librae. 

(Continued  from  3G5.I 
Julian     Calendar       Mae. 


3684.6   Maj      I 
3774.6  Aug.     2 

S  dates 


to 
12.0] 


5675  V  '  'oronae. 


1018.6  Apr. 
4027.6 

4035.5  20 

1044.6  29 
1052.6  May  7 
1060.6 

1076.6 

4o77.fl  Juno 


1087.6 
1088  6 


15 
18 

::l 
1 
11 
12 


9.5 

9.3 

9. 19, 

8.96, 

9.06, 

9.36 

9.35, 

9.07, 

9.21 


loci. 7    M,,\    10 

12.0] 

4097.6  June  21 

11.41, 

1098.6            22 

11.71., 

1099.6            23 

L1.56, 

1101.6            25 

11.7s 

H03.6            27 

11.70, 

U06.6            30 

11.55, 

U10.6  July    4 

11.81, 

111::/,              7 

11.57, 

U28.6            22 

12.31 

:,7o  1  RR  Librae. 

(Continued  from  333.) 

I121.7,  July    15 

8.98, 

1131.6            25 

SO| 

4137.6            31 

8.94, 

4143.6  Aug.     6 

9.26 

7,770  l;  Hi irci 

lis. 

1VJ7 

1018.6  Apr.     3 

to 

11  10.6  Aug.    3 

1 2.9] 

11  dates 

H57.6   An-   20 

10.6 

U66.5            29 

10.11, 

H73.5  Sept.    5 

9.52 

.,  ,0  1;  Hertulis- 

Julian     Calendar 
1 997 

1182.5  Sept.  1  1 


I  1S0.7, 

II  !i  1.5 
4199.5  Oct. 
4206.5 
4211.5 


21 

26 

1 


Cont. 
Mag. 

9.56, 
9.33, 
9.39, 
9.41, 
9.40, 
9.62. 


13 

76  A  Scorpii. 

4074.7  May"  29  13.0: 

1007.7   .lime  21  12.2 

1098.6  22  12.24, 

4000.0  23  12.1 

4101.6  25  12.05, 

4103.6  27  12.18, 

1106.6  30  11. so, 

4110.6  July     4  1 1.48, 

4113.6  7  11.67, 

U28.6  22  11.32 

1136.6  30  11.39 

11  10.6  Aug.     3  11.57 

4142.6  5  11.71 

7,707,   //'  Scorpii. 
(Continued  from 


1121.5  July  15 

4125.5  '  19 
H36.6  30 
41  10.6  Aug.    3 

1157.6  20 
H63.6            26 


11.1] 

12.0] 

12.0: 

12.3 

11.4 

11..-, 


7,S.';o    /,'  Srorjiil. 
(Continued  from  333.) 

Julian    Calendar      Mag. 

4(174.7  .May"  29    to 

1094.6  June  18    13] 
4  dates 

5831  S  Scorpii. 

(Continued  from  365.) 

107  1.7  May" 29  12.2 

4077.7  June    1  11.5 
1078.6              2  10.94, 
4094.6             is  11.6 

5887  V  Ophiuchi. 

(Continued  from  .it;.",.' 
1697 

4(>74.(i  May  29  7.58, 
4078.6  June  2  7.58, 
7.83, 
7.26 
7.52, 
7.95, 
7.10 
sail'" 
7.7,7 
8.06, 
7.9p 
8.4p 
8.48, 
8.3p 

SIT 

8.04, 


4087.6 

il 

1090.6 

14 

1091.6 

15 

1101.6 

25 

11  L1.6 

July 

5 

1113.6 

■ 

1114.6 

8 

H21.6 

17, 

4128.6 

22 

4136.6 

30 

1137.6 

31 

11  lo. <; 

An- 

3 

ll  12.6 

5 

II  18.6 

11 

7)SS7   /'  Opli iin'h /  —  Cont. 
Julian    Calendar      Mag. 


1157.5 

An- 

20 

8.5p 

117,0.7, 

22 

8.34s 

1163.6 

26 

s.io- 

lies..-, 

31 

S.22 

1168.6 

31 

s.7i- 

4 1 7::.7, 

Sept 

5 

8.33, 

4183.5 

15 

O.'iJGv 

.V.i.-.o   W lh rculis. 

(Continued  from  305.) 


III74.C,   May    20 

1098.6   .Mine  22 

4111.6  July 

4121.6 

1125.6 

1136.6 

11  10.6  An-. 

1 17,7. r, 

1163.6 


13.3 
13J 

13.3] 
12.4] 

12.4] 
I  2.7: 

13.] 
13.0 
11.9 


ool  I  S  Eerculis. 

dun. I'roiuass  Comp.8tarsS8S] 


1078.7  June    2 

4097.7  21 

1108.6  July     2 

1128.6  22 

1136.6  30 

4138.6  Aug.     1 

4142.6  5 


9.8 
10.9 

ll.o 
12.:; 

11.71. 
11.62, 

1 1  .!>7.". 
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6044  SIfeivulis  —  Cont. 

Julian     Calendar  Mai;. 

I  --'.IT 

4159.0  Aug.  22  12.5] 

4163.6            26  12.8 

4165.6             28  12.04. 

4185.5  Sept.  17  12.7 

4195.5            27  12.3] 

4211.5  Oct.    13  12.3 

1212.5            14  12.10. 


RT  Herculis. 

1896 

Oct.    29 
Dec.     3 


11.2 
11.5] 


6160 

3802.5 
3897.5 

4044.6 
4052.6 
4074.6 
4077.0 
4091.7 
4098.6 
4102.6 
4107.6 
4108.0 
4109.6 
4110.6 
111  1.0 
4140.6 
4151.6 
4163.6 


6207  Z  Ophiuchi. 

(Cont.from.38S.  Comp.Stars333) 

1897 

4078.7  June    2  10.9 

4098.6  22  10.9 

4111.6  July     5  11.8 

4128.6  22  11.7 

4137.6  31  12.16. 

4142.6  Aug.     5  12.10,, 

4159.6  22  11.8] 

4163.6  26  12.51. 

4166.6  29  12.33. 


Apr. 

29 

12] 

May 

7 

12  | 

29 

11.0 

June 

1 

10.09 

18 

10.5 

22 

lit..",:; 

20 

9.98 

July 

1 

10.14 

o 

9.91 

3 

10.08 

4 

10.24 

8 

10.38 

Aug. 

3 

10.63 

14 

10.64 

26 

10.99, 

6207  Z  Ophiuchi— Cont. 

Julian     Calendar       Mag. 

1«>7 

4168.6  Aug.  31  12.37s 

41S3.5   Sept.  15  12.28 

4192.5  2  1  12.5L 

11 94.5  20  12.20 

4195.5  27  12.39s 

4212.5  Oct.    14  11, si  i, 

6512  T  Herculis. 

(Continued  to 388.) 


4076.6 

4094.7 
4097.6 
4102.6 
4115.6 
4121.6 
4128.7 
4140.6 
4185.5 
H89.5 
4193.5 
1197.5 
4213.5 
4224.5 
4242.5 
4247.5 
4250.5 


May    31 

June  18 
21 
26 

July  9 
15 
22 

Aug.  1 

Sept.  17 
21 
25 
29 

Oct.  15 
20 

Nov.  13 
18 
21 


11.5c 

10.6P 

9.0c 

9.1p 

7.3p 

7.9p 

7.7p 

8.8p 

12.29., 

12.40., 

I2.53s 

13.19„ 

12.98." 

12.79. 

12.1; 

11.39„ 

10.96, 


6682  X  Ophiuchi 

(Continued  from  388.) 

1X17 

4053.7  May     8  7.1 

4004.6  19  7.0p 

4074.6  29  7.3 

4076.6  31  6.9p 

4077.6  June    1  7.00, 

4078.6  2  7.2S.. 

4087.6  11  6.80.^ 

4089.6  13  6.81J 

4091.6  15  6.83„ 


00S2  .\ 

Ophiuchi 

Julian 
1091.7 

Calendar 

1887 

June  is 

1097.7 

21 

1098.6 

00 

1102.0 

26 

U03.6 

27 

1108.0 
4114.0 

July     2 
8 

1115.6 

9 

1121.0 

15 

II  IO.0 

Aug.    3 

1157.0 

20 

1101.0 

21 

1105.0 

2S 

4172.0 
1201.5 

Sept.     4 
Oct.      3 

4215.5 

17 

-  Cont. 
Mag. 

0.7c 
O.Sc 
7.17. 
0.9c 
6.77. 
0.97. 
7.42. 
7.0i- 
7.0c 
7.0p 
8.1c 

S.lc 

s.lc 
8.3p 
8.4p 
8.6p 

6849  U  Aquilae. 

Con1  inued  1  nnii  365.) 

IV.  IT 

1137.7  July  31  lo.Ol,, 

U59.6  Au-    22  11.4 

4163.6  26  11.92, 

4166.6  29  12.11,. 

4170.5  Sept.    2  11.99., 

4185.5  17  11.91.". 

4195.5  27  12.08, 

4211.5  Oct.    13  11.82, 

4213.5  15  12.19! 

4224.5  26  11.25 

OS 71   V  Li/rae. 

(Cont  from  393.Comp.Stars393.) 

1897 

4176.5  Sept.  8  9.9] 

4177.5  9  10.3] 

4182.5  14  11.10, 

4189.5  21  11.00! 

4192.5  24  10.97, 

4195.6  27  11.08! 
4200.5  Oct.      2  10.82! 


6871  VLyrae— Cont. 

Julian  Calendar      Mag. 

1887 

1200.5  Oct.      8  11.00.. 

4211.5  13  lo. -,o, 

1210.5  18  10.91.'! 

1224.5  26  10,17!! 

4228.5  30  10.85., 

4229.5  31  10.09.". 

4211.5  Nov.  12  11.11 

6888  EW  Sagittarii. 

(Continued  from  393.) 

1897 

4094.7  June  18       9.7 

1101.0  25  10.0 

4103.6  27  10.31 
4108.6  July     2      9.732 
4111.6  5       9. SO 

4115.6  9  10.04!! 

4128.7  22  loll!. 
1137.6  31  9. o.s, 
4142.0  Aug.  5  10.01.. 
4101.0  24  9.1 
4102.0  25  lo.  2S„ 
4105.0  28  9.07.; 
4100.5  29  9.642 
4107.0  30      9.57., 

4168.5  31      9.941 

4169.6  Sept.    1      9.86!! 

4170.5  2  9.67s 
4171. (i  3  9.32, 
4172.0  4      9.28., 

4177.6  9  9.55,; 
4178.5  10  10.05. 
4182.5  14  9.01 ; 
4183.5  15  9.13„ 
41  SO.  5  18  9.50.; 
4189.5  21  9.48.; 
4193.5  25  9.37s 
4195.5  27  9.502 
4215.5  Oct.    17  IO.Ip 


0S92  EX  Sagittarii. 

i  ontlnued  tr 893.) 

Julian    Calendar      Mag. 

1897 

1091.7  June  18  9.1 

H01.6  25  8.5 

1103.6  27  9.67s 

4108.6  July     2  9.69. 

1111.6  5  9,si: 

1115.6  9  9.99,; 

4128.7  22  11.232 
4137.6  31  10.932 
4142.6  Aug.  5  10.92.; 
4161.6  24  13.0  " 

4215.5  Oct.  17  12]p 

6894  S  Lyrae. 

(Cont.from393.Comp.Sta  re  339.) 

1891 

1052.0  May     7    11.0 

4074.6  29     12.6 

4224.5  Oct.    26    12.6] 

1212.5  Nov.   13     12.0] 

oooo  WAquilae. 

(Cont.  from  393.Comp.Stare  339.) 

1077.7  June  1   9.8 
4078.7      2   S.75., 

4087.6  1 1  9.242 
4101.6  25  9.0O.; 
4102.6     20   9.6r" 

4111.6  July  5  9.05,, 
4114.6  8  9.31.; 
4115.6      9   9,1c" 

4121.6  15   9.4i> 

4128.7  22   9.6p 

4131.6  25   9  0  1.. 

4140.7  Aug.  3  9.9c 
4142.6  5  IO.Op 
4157.6     20  IO.Op 


5593  W  Librae. 


1S93- 

-1897 

T  -15°4152 

9.11 

1M 

Y  -15°4145 

10.21 

IP 

a  8slp 

d 

11.47 

9 

b  lnlp 

Y 

11.49 

10 

d  ln6p 

c 

11.48 

12 

J  2»5/ 

V 

12.53 

3 

k  5sl/ 

V 

12.47 

3 

I  2*3/ 

V 

12.58 

2 

Compaeison-Stabs. 
6160  RT  Herculis.  6682  X  Ophiuchi. 


T  +  27°2777  9.59  9 

U  +  27°2774  9.61  13 

W  +27°2767  9.75  9 

Y  +26°2965  10.56  7 

Z  +27°2775  10.92  9 

a  2n8p       U  10.57  4 

c  7s5/        Z  11.15  3 

d  4w2/        Z  11.16  2 


1893- 

IS!  17 

E  +8°3797 

0.90 

33  M 

F  +8°3799 

7.12 

32 

G  +8°3791 

6.98 

38 

1A7  +9°3789 

8.12 

13 

T  +9°3793 

9.00 

11 

IT  +9°3791 

9.10 

14 

U  +8°3798 

9.36 

11 

\Z  +9°3798       9.98 


6888  It  W Sagittarii  and 

0S92  J;X  Sagittarii. 

Q  -19°5353       8.07,     24 

iT  -19°5346      8.99     32 

4 A  -19°5349     10.08     27 

a    is2f     4A'    10.02     12 

b    t»4/    RX    11.01       3 

c  3s  '  Q     11.40       5 

e  3»3/         a     12.51       4 

g  6nlp        Q     13.04       2 


NEW   ASTEROIDS. 


Prof.  Kreutz  communicates   the  discovery  of   a   new  asteroid,  1897  DK,  by  Villiger    at   Munich,  on    Nov.  18, 
of  12M.6  ;  with  the  following  observations  : 


App.  a 


A] pp.  8 


1S97  Munich  M.T. 

Nov.  IS     12h12m488 
18     13     2  33 

Also  the  discovery  of  one  by  Charlois  as  follows 


1897  Munich  M.T. 


App.  a 


App.  8 


4  27  49.0  1 

+30  51     9.3 

Nov.  18 

13  46  40 

4  27  44.13 

+  30  51    17.4 

4  27  46.43 

+  30  51  13.9 

19 

6  40  16 

4  26  50.0  1 

+30  52  35.1 

DL     12s1     1897  Nov.  23  9h  45"'.0  Nice  M.T. 


:>,«  V.V"  40'  ,  8  =  +13°  47 


Daily  motion  —52s  and  S' southward. 


L02 
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No.  42j 


OBSERVATIONS   OF   MINOR    PLANETS, 

M  M.I      \  I     I  III      SAYR1     OBSERVATORY,    SO.  BETHLEHEM,  PA., 

K\    JOHN    II.  OGBURN. 


1897  Bethli  hem  M.T. 

* 

No. 
( !omp. 

Planet  —  # 
da             |            JS 

Planet's 

i 

8 

log 
for  a 

A/i 

In,    S 

Sept.  25 

1,        in        s 

9   17  28 
9  35  23 

1 
2 

6 

6  ,  .". 

/  ,,..„  (283). 

-Om57!o8    '    +3  Ml       ■_'.;'  24™  17.71.' 
+  1     7.U7    ;    -7  ;:.").7    1  23  23   L6.59 

30     6*2 
+   7  22  52.2 

,/'.!.  31  is 

»9.186 

0.690 
0.687 

Oct.    1". 

is 

o     o  .-.1 
9  19  51 

4 

s  .  7 

Ariudni   i  13  \. 
-0  15.05    1    +:;  10.9         1     3  35.02 
-0  33.96    |    +3  43.1    |     1     0  39.08 

+  12  51    L5.0 
+  12  28  27.4 

&9.405 
»9.325 

0.637 
0.634 

Oct.    is 
Nov.     2 

'.i   13  28 
8  50  37 

5 

4  ,5 

Athamantis  (230). 
_0  49.58    1    -7     0.0    1     1  36     9.43 
-2     6.02    |    +2     5.0    |     1  23    1  1 

1   +19  .'59  33.3 
+  17     4  53 

»9.381 

H'.i.:;os 

1  0.537 

().57<> 

Mean    Places   fur   1S07.0  of  C< 

mparison- Stars. 

* 

• 

Red.  to 
app.  place 

s 

Red.  to 
app.  place 

Authority 

1 
•  ) 

3 
4 

5 
6 

23  25°  10*53 
23  22     t.66 
1     3  45.52 
1     1     8.48 
1   36  54.26 
1  25  45 

+  L27 
+4.26 
+4.55 
+4.56 

+  4.73 

+  1.71 

+  7  25  44.3 

+   7  .30     0.1 
+  12  47  34  3 
+  12  24   1  1.3 
+  10   16     l.o 
+  17     2  18 

+  27*8 
+  27.8 
+29.8 

+:i0.o 

+  28.4 
+  30.5 

( rdttingen  6666 
Gottingen  6639 
Munich  I  596 
Munich  1  .~>72 
107  Piscium 
I'M .If,  IC5 

A   CRITICISM    OF    SOME    RECENT    THEORETICAL    RESULTS    OF    PROFESSOR 
WADSWORTH,    RELATING   TO   THE   THEORY   OF   TELESCOPIC    IMAGES, 

By  .1.  M.  SCHAEBERLE. 


In  his  timely  and  instructive  papers,  recently  com- 
municated  to  the  principal  astronomical  journals  of  both 
•  iheres,  Professor  Wadswoeth  arrives  at  some  sur- 
prising results,  some  of  which  are  based  upon  conclusions 
which  I  am  wholly  unable  to  accepl  as  true. 

One  statemenl   in  particular  whose  truth  I  question  is 

"Now  it  follows  ai  once  from  the  principles  of  the  wave 
theory  thai  the  intensity  of  illumination  at  the  focal  plane 
of  an  objective  due  to  such  an  illuminated  area  (viz.:  an 
area  of  infinite  extent)  will  be  simply  proportional  to  the 
area  of  the  objective  —  i.e.  to  the  square  of  the  linear  aper- 
nl  will  be  entirely  independenl  of  the  focal 
length  (/)  of  the  instrumenl 

In  No.  414  of  the  Astr  d,  Professor  Wads- 

worth  goes  so  Ear  a^  to  claim  that  because  certain  views 
heretofore  held  do  not  th    his  conclusions,  "the 

error  arises  from  making  use  of  the  principles  of  geometri- 
cal rather  than  physical  optics,"  etc.  Doubtless  certain 
small  •  introd   ced,  and  occasionally 


*  K)i  < 

139. 


H.N.  for  June, 


large  ones,  but  so  Ear  as  the  application  of  these  principles 
to  a  luminous  area  of  infinite  extent  is  concerned,  I  shall 
try  to  demonstrate,  very  briefly,  that  both  the  geometrical 
and  physical  laws  lead  to  practically  identical  results. 
In  the  August  number  of  the  Astrophysical  Jburrt 
which  reference  is  made  in  a  foot-note),  page  133,  Professor 
Wadswobth  obtains  for  the  intensity  of  the  field  illumi- 
nation due  to  a  uniform  luminous  area  of  infinite  extent, 
the  expression, 

jjj  JXf*1 

in  which  t  and  rj  are  the  coordinates  of  any  point  in  the 
focal  plane. 

Alter  stating  that  this  integral  is  always  equal  to  the 
area  I  of  the  aperture  he  arrives  at  the  Eollowing  conclu- 
sion :  * 

"In  this  case     A  =  "        and  the  intec    byate  erypoint 

1 

iu  the  field  of  a  telescope  due  to  a  uniform  luminous  ana 
ot  infinite  extenl  (more  strictly  an  area  extending  over  an 
entire  .  I  aerefore, 

/,„   =   const.  //- 
*  Astrophysical  Journal  for  August,  1897,  page  133. 
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or  the  illumination  of  the  field  is  proportional  simply  to 
the  square  of  the  linear  aperture  of  the  telescope,  ami  is 
entirely  independent  of  the  focal  length  and  angular  aper- 
ture of  the  latter." 

In    coming    to    this    remarkable   conclusion,    Professor 

WadSWOBTH  has,  as  it  seems  to  nie,  entirely  overlooked 
the  apparent  fact  that  for  a  given  aperture  the  value  of  I{2 
in  the  above  integral  is  not  a  constant,  lint  varies  inversely 
as  the  square  of  the  focal  length  (ncarh  i. 

That  this  is  so  seems  clear  to  me  from  the  following 
considerations : 

At  any  given  point  .?,  ?;,  in  a  plane  whose  focal  distance 
is  /  the  value  of  ij-  must  evidently  be  regarded  as  a 
function  of  the  angular  distance  6  of  the  point  $x  ^  from 
the  optical  axis.  In  general  If  will  decrease  when  6  in- 
creases. The  above  integral  should,  as  it  seems  to  me, 
therefore  be  regarded  as  expressing  the  total  illumination 

Lick  Observatory,  University  of  California,  ls'.i7  Xov.  S. 


of  the  focal  plane,  whieh  according  i<>  the  principle  of  the 
conservation  of  energy  should  (if  we  neglect,  the  loss  due 
to  transmission,  etc.,)  equal  the  total  illumination  over  an 
ana  equal  in  size  to  the  objective  ami  coincident  with  the 
latter. 

Now,  if  /  increases  to  f  the  value  of  fj  -,h  (lor  a  given 
value  of  0)  corresponding  to  the  value  of  /,'-  increases  to  '  ,/. 
the  value  of  /,-  must  therefore  decrease,  for  otherwise  the 
total  illumination  of  the  focal  plane  vrould  increase  with 
increasing  values  of  f;  which  is  contrary  to  I  he  known  lad 
that  the  original  supphj  oi  energj  coming  through  the 
objective  is  constant. 

It  seems  to  me,  therefore,  that  whether  a  large  lumin- 
ous area,  is  of  finite  or  infinite  extent  the  intensity  of 
the  focal  image  (illumination)  will  not  only  varj  a  the 
square  of  the  linear  aperture,  but  also  inversely  as  lie 
square  of  the  focal  length  of  the  tele  cope  (nearly^. 


OBSERVATIONS  OF   COMET  b  1897, 

MADE    AT    THE    GOODSELL   OBSERVATORY,    NORTHFIELD,    MINN. 

By  II.   C.  WILSON. 


Northfield  M.T. 

* 

No. 

#- 

-* 

^'s  apparent 

log  /'A 

Comp. 

Aa. 

,j8 

a 

o 

foru 

for  3 

Oct.  22     7  :;:;  28 

1 

10  ,  6 

+  1°  23.88 

-1  27.1 

2  42  36.17 

4-75  30  34.1 

,,0.213 

8.682 

9  11  38 

o 

8  ,  6 

+  1     9.49 

-0  1  1.2 

2  41  34.44 

+  75  36  13.7 

raO.118 

n0.354 

23     7  12  56 

3 

6  ,  2 

+  1  49.60 

+  5  11.7 

2  26  33.65 

+  7(1  49   44. 1 

,,0.251 

„S.02O 

7  12  56 

4 

6,  4 

+  0   55. SI 

+  3     8.8 

2  26  32.13 

+  76  49  42.1 

nO.254 

«8.920 

7  12  156 

5 

6  ,  4 

-1  50.20 

+  0     1.1 

2  26  32.32 

+  76  49  42.0 

,,0.25  1 

rcS.920 

25  11     1  18 

6 

8  ,  6 

+  1  43.30 

+  9  58.4 

1  37   13.97 

+  79  22  24.1 

„0.2  IS 

„0.(','.I2 

26     7  59  47 

7 

9  ,  2 

+  :;     6.83 

-7  51.5 

1  12  42.76 

+  80  11  39.7 

,,o.22l 

raO.536 

7  59  47 

8 

9,  2 

+  2  43.95 

-9  50.4 

1  12  42.66 

+  so   11    10.8 

,,O.L'L'l 

a0.536 

27     9  12  54 

9 

6,  4 

-6     2.86 

-3  59.1 

0  36  24.93 

+  80  59   14.1 

v.i.sis 

aO.695 

29     7  57  22 

10 

:i  ,  c, 

+  1  43.40 

-4  20.7 

23    17   19.41 

+  81    41    44.6 

„'J.7. V.) 

raO.708 

Nov.  1     9  44     5 

11 

10  ,  6 

+  0  57.82 

-6  16.6 

21  18  31.84 

+80  42  13.3 

0.286 

mO.491 

Mean  Places  for  1S9T.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  tn 
app,  place 

Authority 

l 

li       m       a 

2  41     1.35 

+  10.94 

+  75°  3l'  42.3 

+  ls!o 

Northfield  Meridian  Circle,  2  obs. 

<? 

2  40  13.99 

+  10.96 

+  75  36     8.9 

+  19.0 

Northfield  Meridian  Circle.  2  obs. 

3 

2  24  32.76 

+  11.29 

+  76  44  11.6 

+21.1 

Northfield  Meridian  Circle,  2  obs. 

4 

2  25  24.95 

+  11.34 

+  76  46  12,3 

+  21.0 

Northfield  Meridian  Circle,  2  obs. 

5 

2  28  11.11 

+  11.41 

+  76  49  20.3 

+20.6 

Northfield  Meridian  Circle,  1  obs. 

6 

1  35  19.15 

+  11.52 

+  7  9  11  :>*.'.) 

+  26.8 

Northfield  Meridian  Circle,  2  obs. 

7 

1     9  24.72 

+  11.21 

+  80  19     4.7 

+  29.5 

Northfield  Meridian  Circle.  3  obs. 

8 

1     9  47.48 

+  11.25 

+  80  21     1.8 

+  29.4 

Northfield  Meridian  Circle,  3  obs. 

9 

0  42  17.42 

+  10.37 

+  81     2  41.3 

+31.9 

Northfield  Meridian  Circle,  3  obs. 

10 

23  15  31.16 

+  4.85 

+  81    45  29.0 

+  36.3 

Northfield  Meridian  Circle,  3  obs. 

11 

21    17  3S.10 

-  4.08 

+80  47  56.1 

+  33.8 

Northfield  Meridian  Circle,  3  obs. 
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OBSERVATIONS   OF   D'ARREST'S   COMET  (a.  1897), 

Mll'l     u  I  I'll     l  ill .   .'V.  -1\.  11    REFRACTOR  01     nil.    LICK    OBSERVATORY,    UNIVERSITY    OF  CALIFORNIA, 


Bi    C. 

ii.   PERRIN1 

1x17  Mi.  Hamilton  M.T. 

* 

No. 
i  lomp. 

/a 

-* 

,18 

o-^'s  apparent 
a                        8 

log 

I'm  n 

for  8 

- 

L5   L9 

1         s 

1 

./in  .  8 

HI         8 

0     2.42 

-0  43.2 

h       m     s 

3   11   35.76 

!  5  26    9.2 

■,'.i.  525 

0.687 

.... 

L6   11 

1  1 

3 

3 

+0  55.8 

+  3  5)S   1  1.1 

0.689 

..., 

L6  17 

;,o 

3 

d  6  . 

+  o    9.95 

i    :>    i.'.n 

n.9.294 

27 

15  ."'7 

2 

5 

L6,7 

-0  55.55 

+::  14.0 

1   11    L5.85 

+  3   L9  .",7.7 

n.9.314 

0.695 

28 

L5   1" 

53 

6 

20  .  8 

+  o  L8.15 

-4  52.0 

1   li'  59.58 

+  3  11   31.8 

»9.371 

0.698 

29 

15    16 

35 

7 

./In  .  8 

+  0   L6.72 

-0  15.5 

1    1  1    L2.75 

+  :;    3  L3.1 

n.9.344 

0.699 

30 

L5   17 

.,.. 

9 

16  .  8 

+  1   58.21 

+0  42.8 

1   L5  21.95 

f  2  7,1  .-,7.7 

a9.425 

0.702 

;:i 

15  L9 

3 

ID 

d  LO  .  s 

+  o     2.95 

-1     0.0 

1    L6  30.00 

+  2  46  27.6 

»9.413 

0.702 

- 

1  1    16 

19 

12 

d  LO  .  8 

-0     3.42 

-1    is. 1 

1    17  34.66 

+2  .",7  59.3 

n9.487 

(>.7<i7 

l 

15  54 

21 

12 

./m  .  8 

_ii     0.34 

-2  11.2 

1    17  37.74 

+-2  37  36.2 

»9.281 

0.702 

25 

13    13 

54 

13 

rflO  .  8 

+  0     3.31 

+  1  .".ii 

1  32  26.42 

-1   15  36.7 

n9. 1  I'.i 

0.733 

Oct.   3 

13    8 

1  1 

15 

./in  .  8 

-0     3.00 

-0  27.8 

1  32   L4.49 

-2  37  3(5.9 

re9.458 

11.7111; 

Mean    Places  for  1897.0  of  Comparison-Stars. 

lied,  to 

Red,  to 

* 

a 

app.  place 

8 

app.  place 

Authority 

1 

h       ii 

3   11 

::.-.>.<; 

+  2.Q2 

+  .-.  26  33.6 

+  18.8 

Micrometer-comparison  with  ^2 

•' 

3  ::7 

9.43 

+2.64 

+  .-,  22     8.4 

+19.1 

\\  eisse's-Bessel  657 

3 

1     4 

I'.i. hi; 

1  2.90 

+3  56  58.6 

+19.7 

Mi(Tniiii'trr-coiii|,;ii'ison  with  =+c  1 

l 

4     7 

54.61 

+2.88 

+3  .-,n     L.6 

+  19.5 

Boss,  Albany  A.G.  Catal.  1227 

5 

1    12 

38.41 

+2.99 

+3  16    3.7 

+  20.0 

Boss,  Albanj  A.G.  ( latal.  L258 

6 

1    L2 

38.41 

+3.02 

+3  If,    3.7 

+  20.1 

Boss,  Albany  A.G.  Catal.  1258 

7 

1    1.", 

52.99 

+3.04 

+3    3    8.4 

+  20.2 

Micrometer-comparison  with  H<8 

8 

4     9 

13.72 

+3.06 

+  2  .v.i   L3.9 

+20.4 

Boss,  All,;m\  A  ',    Catal.  1211 

9 

I   13 

20.68 

1  3.06 

+  2  53  54.6 

+  20.3 

Boss,  Albany  A.G.  Catal.  L265 

10 

1   L6 

23.98 

+3.07 

+  2  47     7.4 

+20.2 

Micrometer-comparison  with  s|ell 

11 

4   17 

1.62 

+3.07 

+  2   I'.i     9.9 

+  2(1.1 

Boss.  Alli.nu    A.G.  Catal.  1285 

12 

1    17 

34.99 

+3.09 

+  2   .",'.1   27.2 

+  20.2 

Boss,   Ubanj   A  G.  Catal.  1287 

13 

1  32 

19.48 

+3.63 

-1    17  55.1 

+  21.4 

Micrometer-comparison  with  >M4 

1  t 

1  34 

33.18 

+3.62 

-1  15  19.4 

+  21.2 

Copeland-Borgen  1271 

15 

4  32 

L3.65 

+3.84 

-2  37  .".0.6 

+  21.5 

Mien ster-comparison  with  >iel6 

16 

1  32 

25.12 

:  .".  M 

-2  40  4(5.2 

1  21.5 

Radcliffe  (3)  1102 

d  Indicates  that  da  was  measured  directly  with  the  micrometer. 
Aug.  8  —Cornel  is  easy  to  measure  and  has  a  well  marked  central 
isation  of  about  10*  diameter.  V  star  of  16*  is  involved  in 
outer  nebulosity  and  may  have  influenced  measures  a  trifle.  Seeing 
poor.  Aug.  22  Cornel  not  visible  in  dawn  after  Ju  measures. 
Aug.  27  —  Comet  much  fainter  than  on  Aug,  -.     Diameter  20"  to  30"; 


scarcely  any  condensation;  14"  l.V.  Wind  swaying  telescope  al 
limes.  Aug.  29  —  Comet  not  difficult.  Aug.  31 — sky  very  pnre; 
comet  is  fainter.  Sept.  25  —  Comet  faint,  15"  -10M;  not  easy  to 
measure.  Oct.  3  —  High  wind;  comet  difficult.  Oct.  4  Comet 
not  found.  Oct.  24  —  Looked  for  D'  Arrest's  cornel  bul  failed  to  see 
anything  of  it.     Seeing  very  poor  bul  field  was  fairly  clear  of  stars. 


CORRIGENHA. 
,  p.  39,  col.  1,  lines  5-9,  in  O— C,    for    —    put    +. 
■■    119,  p.  87,  co  ;  ind  7  from  below,     strikt  out    sec45°. 

■■     p.  87,  col.  2,  line 4  from  below,    for     1.22    put     1.16. 

■■    p.  88,  col.  1,  line  1,    for    "place  containing"    put     "  plane  containing  this  axis  and. 
•■      •'    p.  88,  col.  1,  line  1,  U     48". 

■■    p.  88,  col.  1,  line 4,    for    "minute"    put    "}  minute." 


COXTEX T  S  . 
Results  oi    Latitudi   Observations    it  the  Imperial  Observatori   oi   Kasan,  bi    I).  Dubiaoo. 

The  Aberration  oi    Parabolu    Mirrors,  by  Charles  Lane  P :. 

oh   Variable  Stars,      No.  21,  bi    Benbi    m.  Parkhurst. 
New  A- i  EROiss. 

>  ltions  "i    Minor  Pi  \m .i-.   bi   .Loin   11.  Ogburn. 
A  Criticism  oi   Some   Recent  Theoretical  Results   oi    Professor  Wadsworth,  Relating   ro  the  Theory  ot   Telescopic 

I  m  \,  i  -.   BI     I.    M.  Si  ii  u  1:1.1:1.1  . 
Observations  oi    Comei  b  1897,  bi    11.  C.  Wilson. 
Observations  of  D'Arbest's  Comei  (o  1897),  n   C.  D.  Pebbine. 

(',,1:1:1,.  1  \  I.  \. 
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OBSERVATIONS   OF   THE    VARIABLES    Z  HERCULIS  AND    Y  CYGNI, 
WITH    RESEARCHES   OX    THEIR    PERIODS, 


( (bserver 
Duner 


6442.     Z  Herculis. 

Epoch  Greenwich  M.T. 

538  1897  Aug-.  23  lo'    7 '.':'•, 

539  Aug.  1V>  8  27 
."W7  Sept.  10  7  59 
559  Oct.  4  7  6 
569  Oct.   '.'4     5  47. 


Combining  these  observations  with  the    minima  that  1 
observed  in  1894.  1  have  obtained  the  following  formulas: 


Even  minima. 
Odd  minima. 


1894  +  257.368  +  1.996377  E 
1894  +  257.315  +  L.996373  E 


In  its  ordinary  brilliancy,  the  star  has  always  ap- 
peared to  me  as  0".2  brighter  than  the  comparison-star 
DM.  +14°o378,  whose  magnitude  is  7..'!2.  according  to 
Prof .  Muller  at  Potsdam.  At  principal  minimum  it  was 
(>".:;  brighter  than  DM.  +14°3375  =  8H.43.  At  secondary 
minimum  it  was  exactly  equal  to  DM.  +  14°.">.'!74  =  7M.55. 
With  these  data  we  should  have, 

Normal  brightness  =  7. \'J 
Secondary  minimum  =  7.7>."> 
Principal  minimum      =  8.13 

The  periods  that  I  have  found  being  almost  exactly  equal 
to  that  of  Mr.  Hartwig,  ld.996370  —  the  difference  amount- 
ing only  to  0S.7  and  08.3,  respectively  —  we  shall  now  In- 
able  to  examine  the  reason  why  Mr.  Pickering  has  vainly 
sought  tn  observe  the  secondary  minimum.  The  cause  of 
this  is  that  the  ephemeris  that  1  had  given  was  somewhat 
in  error  on  account  of  the  small  interval  embraced  by  my 
observations  in  1894.     The  corrections  of  this  ephemeris 

are  : 

b      hi 
Even  minima,  +1   .">7 

Odd  minima.  -M    .'!."> 

The  ephemeris  of  Mr.  Hartwig,  although  giving  the  even 
minima  correctly,  was  still  more  erroneous  than  mine  for 


1)1'  \KK. 

the  odd  minima,  its  correction  being  +  1"'  II"1.  Conse 
quently  the  photometric  observations  at  the  Harvard  Col- 
lege Observatory  were  begun  too  soon,  and  ended  before 
the  variation  assumed  an  unequivocal  character.  However, 
in  examining  the  original  observations,  which  Mr.  Picker- 
ing has  kindly  sent  me.  I  can  distinguish  with  certainty 
the  diminution  in  the  brightness  of  the  star  toward  the  end 
of  the  observal ions. 

In  my  note  on  this  star,  in  No.  384  of  the  Istronomical 
Journal,  there  is  an  expression  which  might  well  cause  mis- 
apprehension, if  one  did  not  recall  what  I  have  written  in 
my  note  in  the  Astrophysical  Journal,  1895  April,  p.  285. 
Tn  fact,  it  seems,  from  what  Mr.  Hartwig  has  said  in  the 
introduction  to  the  ephemerides  of  variable  stars  for  1897, 
that  he  thought,  or  presumed  that  it  might  be  thought,  thai 
I  had  wished  to  claim  to  have  independently  discovered 
the  existence  of  the  secondary  minima  of  ZHermlis.  That 
I  had  never  any  such  intention,  and  had  formally  declared 
that  Mr.  Hartwig  had  alone  discovered  them,  is  proved 
by  the  following  words  in  my  note  already  cited  :  "  1  re- 
ceived Mr.  Chandler's  ephemeris  on  Sept.  12,  but  on  ac- 
count of  unfavorable  weather  1  was  unable  to  observe  a 
minimum  until  Sept.  IN.  In  the  meantime  (on  the  loth)  a 
telegram  arrived  from  Prof.  Hartwig,  announcing  that  he 
had  discovered  the  variability  of  the  same  star,  and  that 
its  period  was  ld  23'' 55m  40'."  Put  what  I  did  discovei 
was  the  nature  of  the  system  Z Herculis;  that  is  to  say, 
that  it  consists,  not  of  a  bright  and  a  dark  bod),  like  Algol, 
nor   of  two    bodies  of   the   same  size  and  brightness,   like 

Y  Cygni,  but  of  two  bodies  of  the  same  size  of  which  one 
has  only  halt  the  brightness  of  the  other;  and  that  conse- 
quently, as  I  have  said  in  the  Astrophysical  Journal  for 
1895,  p.  294  :  "Z  Herculis forms  a  hitherto  miss- 
ing   link    between   the   stars   of   the    pure    Algol-type    and 

Y  Cygni."  Such  is  the  meaning  of  my  expression  in 
No.  384  of  the  Astronomical  Journal,  "the  theory  which  I 
have  proposed." 

(105) 
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7488.      YCygni. 

Spoch 
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reenwich  M.T. 
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ic.-.l 

1893  Sept.  21 

L2     1.8 
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•• 

1919 

Oct.    23 

6  39.5 
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May      1 
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11    11.1 
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6 

11     9.5 
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2359 

L2 

11      1.5 

■■ 
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11      1.5 

•• 
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27 

Ki  59.5 

237 1 

30 

in   19.5 

2383 

Sept.  17 

Id  17.0 
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2385 

20 

in  25.2 

•• 

2391 

29 

9  35.4 

.. 
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ual  errors 
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E 

\    I.N       M  1  \  1  M 

V 
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i   Minim  a 

Epoch 

0— C 

iilis. 

Epoch 

()— (' 

Obs. 

12 

0.019 

5 

101 

'  0.002 

11 
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1 1 1 12  i 

1 

705 

+  0.011 

17 

952 

0.092 

1 

1187 

0.003 

13 

1  ISI 

—  (1.0(10 

28 

L311 

it. no:; 

Hi 

1011) 

•  0.027 

17 

10  10 

|        0.001  i 

7. 

2208 

0.018 

8 

1913 
2371 

0.01 1 

+  0.001 

'.i 

Mi.  Bohlin  remarks  thai  the  observations  in  the  9pring 

an-  uncertain  on  account  of  tin-  small  altitude  of  tin-  star. 
Especially.  In-  cannot  ii\  preciselj  the  time  "i  the  minima 
2282  ami  2290,  Out  merely  that  they  .lid  net  occur  later 
than  the  times  above  given.  However,  I  find  them  to  !»• 
in  good  agreement  with  the  observations  of  Mr.  Yendell 
daring  the  autumn  ami  winter  ..i  1895,  ami  I  have  em- 
ployed  them  in  the  Formation  of  the  normal  minima. 
With  the  help  of  these  observations  and  the  normal  minima 
which  1  have  formed  with  all  the  published  observations 
since  1886,  I  have  obtained  the  following  formula-: 


Even  minima. 
( >dd  minima, 
Upsala,  1897  Dec.  L. 


Ism;  I  343.4799  f-  1.498219  E 
isso  +  343.3919  +■  1.498124  E 


Aside  from  the  two  excluded  epochs,  the  agreement  is 
sufficient,  ami  there  is  yet  no  reason  lor  introducing  a  term 
depending  on  the  square  of  the  time.  However,  this  will 
sooner  or  later  become  necessary  ;  since  without  it  the  time 
which  elapses  between  successive  even  ami  odd  minima 
would  become  in  the  end  nothing.      We  maj  accordingly, 

perhaps,   expect   that    tl veu    minima    will   occur   sooner. 

and  t  he  odd  minima  later  than  in  the  follow  ing  ep  heme  rides. 
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2926 

Dec. 

in    6  27.1 
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8    '.i  11'. o 

OBSERVATIONS   OF   LONG-PERIOD    VARIABLES, 

l!v    PAUL   S.    VKNDKI.I.. 


7)077.      /,'  St  rpentis 

1  have  twelve  observations  of  this  star,  from  1897  Aug. 2 
to  Sept.  24,  which  indicate  that  a  bright  maximum  was 
passed  on  Aug.  21. 

At  the  first  observation,  the  estimated  brightness  of  the 

star  was  8". 2,  at    the    maxi  m urn.  I',"..".,  and  al    the  last  date. 

8".0. 

5768.  //A'  //,„■„/;.<. 
From  1897  May  1  to  Oct 23,  I  observed  RRHerculis 
nineteen  time-.  At  the  first  observation,  the  -tar  was  esti- 
mated to  0e  of  the  0*.  1  ;  on  June  21  it  had  increased  to 
it  the  next  observation,  on  July  8,  and  on  July  21, 
it  was  observed  as  9".2,  and  nil  An;'.  5,  had  again  risen  to 
8".4,  from  which  date  it  steadily  declined,  being  estimated 
as  '.»M.7  at  the  last  observation.  In  view  of  several  known 
eases  of  confusion  with  comparison-star  a  i  DM.  50°2260)  it 
seems  probable  that  the   two  apparently  discordant  obsei 


vations  in  duly  may  have  been  simple  eases  of  misidentifi- 
cation,  and  the  curve  lias  therefore  been  drawn  without 
regard  to  them.  The  maximum  indicated  b\  this  curve 
falls  on  .1  nly  .">. 

Odd."..      X  Draconis. 

From  1897  May  23  to  Oct.  23,  1  have  made  seventeen 
observations  of  S  Draconis,  which  show  a  well-defined 
minimum  of  l0M.0orj  ^ug.  6.  The  brightest  light  observed 
previous  to  the  minimum  was  8M.3  on  dune  1'.  and  on 
Sept.  I'l  it  had  risen  to  8*. 7,  at  about  which  fight  it  was 
found  at  t  he  last  date. 

6733.      /.'  Seuti. 

Twenty-one  observations  ol  ft  Saiti,  from  1897  dune  is 
to  Oct.  I'.",,  show  a  single  well-defined  minimum  at  7".7>  on 
Sept.  I's.  A  bright  minimum  of  om'  seems  to  have  taken 
place,  probably  about  dune  30, and  a  maximum  of  about  5" 
somewhere   near  duly  .'id.  but    a-   only  one  observat  ion  was 
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obtained  between  June  27  and  Aug.  3,  these  dates  are  un- 
■certaiii.  especially  the  maximum.  The  observed  brightness 
of  the  star  on  June  18  was  ;V'.'_\  and  on  Oct,  23,  6". 5. 

7257.  R  Sugittae. 
I  have  observed  R  Sagittae  twenty  -three  times  between 
L897  June  16  and  Oct.  23.  This  series,  though  l.mlh  inter 
rupted  by  the  weather,  indicates  with  tolerable  distinctness 
two  minima,  apparently  principal,  on  July  '•'<  and  Sept.  11, 
and  a  slighl  depression,  possibly  a  secondary  minimum, 
about  Aug.  5.  Fairly  distinct  maxima  are  shown  about 
June  20,  July  29,  and  Sept.  29. 

,S.'!1'4.      V  ( 'assiopeae. 
Twelve  observations  of  this  star,  from   1897   Aug.  5  to 
Oct.  '-'•">.  indicate   a   maximum  of  7M.6  on    Sept.  11.5.     At 


the  tirst   and  last  observations  the  star  was  estimated  as 
9".8. 

8369.  WPegasi. 
Eleven  observations,  from  1897  Aug. 5  to  Oct.  17.  show 
rather  uncertainly  a  maximum  of  8*.2  on  Aug.  17.  The 
first  observation,  <m  Aug.  5,  found  the  star  at  8".3.  The 
next  two  days  later  showed  a  rise  of  0-\l,  and  at  the  third, 
Aug. 20,  the  star  was  estimated  as  8M.2.  The  remaining 
observations  show  a  slow  and  steady  decline  to  8*.8,  at  the 
last   date. 

It  will  be  seen  from  these  particulars,  that  although  the 
date  assigned  is  uncerl  tin,  tin  indication  is  pref t  ,  distinct 
that  the  maximum  must  have  occurred  not  many  days  from 
the  tirst  of  August. 

Dorchester,  Mass.,  Is'.iT  Dec.  1. 


THE    LEONIDS   OF    1<S!»7, 

By   E.  E. 

I  hail  made  careful  preparations  to  photograph  the  Leonid 
meteors  this  year,  bu1  the  very  had  weather  prevented  any 
observations. 

The  following  notes  may  he  of  interesl  as  possibly  hav- 
ing a  slight  negative  value. 


liming  the  partly  clear  spell  in  i lie  early 


ts'.'T  Nov.  11.  Cloudy  in  first  part  of  night.  Cleared  beautifully 
at  midnight.  From  then  until  IT'1  15'"  one  meteor  only  was  seen 
during  frequent  watches. 

Nov.  12.  Cloudy  first  part  of  night.  Clear  at  14h.  From  this 
time  on  till  IT1'  35'"  nut  a  single  meteor  seen. 

Nov.  13.  Cloudy  at  dark.  A  large  portion  of  the  sky  cleared  at 
o1'  50'"  p.m.  For  half  an  hour  fairly  clear,  then  broken  until  7h  30m, 
when  it  clouded  densely.  Cloudy  and  raining  the  remainder  of  the 
Terkes  Observatory,  1897  Nov.  19. 


BARNARD. 

night.     No  meteor  wa 
evening. 

Nov.  14.  The  clouds  broke  awaj  from  (ih  0™  to  61'  30™  p. in.  Then 
densely  clouded.  At  8h  30,n  a  few  stars  seen  through  thin  places. 
<  bearing  away  at  81'  4."."'.  but  misty,  anil  then  closed  in  again  at  !l:'  0' ". 
Sky  watched  closely  during  these  breaks,  but  no  meteor  seen.  At 
the  second  break,  anything  as  bright  as  the  3M  or4M  would  have  been 
seen  through  the  thin  mist.  Densely  cloudy,  with  frequent  rains 
the  rest  of  the  night.  <  >n  these  last  two  nights  I  was  on  watch  all 
night  until  18h  30'". 

Nov.  15.  Cloudy  first  part  of  night,  clearing  from  north  at  15h  30'". 
Broken   from   this   on    until    daylight.     Watched    at    intervals    for 

teors.      Two    Leonids  of  4M   seen,  one  at   in1'  II"1,  the  otber  at    IG1' 

45". 


OBSERVATIONS   OF    (11)  PARTHENOPE, 

MADE    AT    THE   CINCINNATI    OBSERVATORY-, 

By  EVERETT    I.    TOWELL. 
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OBSERVATIONS  OF  COMET  b  1897 
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The  second  and  third  observations  of  Oct.  24,  and  those  of  Oct. 81 
and  Nov.  15,  were  made  with  the  86-inch,  ami  all  the  others  with 
tl»-  12-incli  telescope,  The  second  observation  of  Oct. 24  was  by 
position-angle  and  distance ;  the  second  of  Oct.  17  and  that  of  Oct.  16, 
by  transits;  in  all  other  cases  J»  ami  J o  were  measured  directly  with 
the  micrometer. 

When  discovered  the  comet  had  a  distinct  stellar  nucleus  and  a 
decided  condensation.     A  ft  it  a  feu  days  these  disappeared,  the  comet 

increased  in  apparent  size,  ami  I aim'  faint  and  difficult  to  observe. 

Towards  the  end  of  the  series  of  observations  it  presented  nowell- 
marked  place  upon  which  to  3et  the  micrometer  win-.  In  November 
a  region  at  scum'  distance  from  tin'  head  » a*  somewhat  brighter  than 
Mt.  Hamilton,  Cal.,  1897  Dec.  6. 


the  rest  of  the  comet,  and  of  Buch  appearance  that  it  might  readily 
be  mistaken  for  the  head. 

\s  seen  in  the  large  telescope  the  tail  was  about  2'  or  8'  long  at 
discovery,  and  about  5'  long  at  the  end  of  October.  On  Oct.  17  its 
length  was  fullj  10'  on  a  photograph  which  I  obtained.  The  follow- 
ing measures  of  the  position-angle  of  the  tail  were  made  : 


Ml.  II 


M. 


Oct.  in 

s  86 

203.6 

24 

L2  80 

216.2 

:ll 

12   15 

211.4 

OBSERVATIONS    OF    MINOR    PLANETS, 


By   MAI.'Y    \Y 


Mil     OliSKIlVATI 

WHITNEY     w 


\    in     \  assai;   i  ■in. 1. 1  1. 1  . 
CAROLINE    E.    FURNESS. 


Mean   Places  for   1897.0  of  Comparison- Stars. 


1897  Gree 

nwich  El 

.T. 

* 

No. 
<  !omp. 

Planet 

* 
Jo 

Planet's 

0 

Apparent 

8 

log 
for  0 

for  0 

Obs. 

(116)  Siron 

1. 

Apr.  29 

M;i\       7 

S 

17   .-.1 
1  1      1 
16  33 

30 
12 
35 

1 

8 

1  I 
9 

+  1    39.1  1 
+  n  48.16 
-i)   10.71 

+    7    18.1 

-  8  19.7 

-  7,  36.1 

(148)  Gallu 

II    51    35!  18 

I  I    II  31.53 

II  43  32.67 

-14   11    58.3 
-13  51    19.7 
-13  49     6.1 

8.910 

//'.1. 151 
7.839 

0.862 
0.840 
0.861 

F 
P 
F 

.\l;i\     29 

31 
June     l 

is  in 
19     1 
15  37 

31 

11 

4 
4 

8 
11 
9 

-0  20.95 
-d  30.91 
-1    12J.39 

+  5  23.4 

+    4   2(1.7 
+  3  38.7 

Id     5  51.87 
16      1    L2.53 
16     3  31.05 

+  15  :;i    15.2 

+  15  30  52.5 
+  15   30   K».7 

9.315 
9.472 

S.SSII 

0.608 
0.633 
0.591 

W 

\Y 
W 

June    1 

16  is 
17,  35 

17  1 
34 

s 

9 

-d  35.01 
-1   34.93 

13)  Polyhym 

+    (I    17. S 
+    2    17. 'J 

113)  Amalth 

16  36   15.13 
16  35   15.22 

-24  53  37.2 

-24  5L'     7.2 

//S.SOL' 

0.907 
0.902 

Y 
F 

June    1 

14    IS 
1  1   58 

19 

6 
6 

8 
8 

-0  4.".. 7i» 
-1   37.26 

+    1     9.1 
-f-   1   15.6 

(283)  Emm 

15  39  38.97 

15  38    17.  is 

-11    24    IS. 4 
-  1  1    21    1 1 .8 

?i9.090 
«8.978 

0.845 
0.846 

T* 
T 

Sept.  27 
28 
29 

11   54 
14   .-.4 
In  39 

34 

1 

8 

4 
9 

+  1      7.46 

+  0  22.C.S 
+  11  .-,4.44 

7    16.9 
-11   24.9 

+  1  ..!.:; 

23  23   16.37 
23  22  31.59 
23  21    49.46 

+    7  22  37.7 
+  7  18  59.8 
+   7  15   U.5 

//'.).( 127 
n.8.992 
//7.44I 

0.697 
0.697 
0.697 

W 

w 
w 

Sept.  29 

30 

( »ct.     2 

14  39 
14   59 

1  1     IS 

47 
51 
24 

9 

Hi 
11 

6 

'.i 

(17 
+  1    4.-1.7S 
+  2     5.02 
+  0   27. US 

9)  Klytaemn 

—  8  36.7 
+   1   38.0 

-  6    15  1 

tstra. 

i)  29  1  suit  1 
0  29     3.39 

0  27  :;2.:,5 

+  15    17    13.6 
+  15   11    34.5 
+  14  59     1.8 

//(.i.:;ss 
»i9.303 

//'.I.271 

0.620 

O.C.I  2 
0.612 

w 
w 
w 

* 
1 

0 
14  49" 

. 

Red.  to 
app.  place 

8 

licit,  tu 

app.  place 

Authority 

52.96 

s 

+  3.11 

-14° 

18 

5  7. 9 

1  s>, 

Cambridge,  -Muss.,  Zones,  1  obs. 

- 

14  4:1 

10.18 

+  3.19 

-13 

4:; 

11.1 

- 18.9 

fi  Librae;  i [Bad. '90, 3830  1  Cord. 20,088  + 
Gr.  10 yr.,  1880, 2287  +  C.G.  Hope,'80,8069 

;; 

16     6 

9.59 

+3.23 

+  15 

26 

34.8 

—13.0 

Auwers,  Berlin  A.( ;.( '.  5783 

4 

16      1 

40.19 

+3.25 

+  15 

26 

44.1 

- 12.5 

Auwers,  Berlin  A.G.C.  577.'! 

5 

16  36 

46.27 

+3.87 

-24 

54 

12.4 

-12.6 

Cordoba  Zones,  2471 

<; 

15    1(1 

21.26 

+3.47 

-11 

25 

41.7 

-15.8 

Klinkerfues-Schur  3784 

7 

!>Q     •>.» 

1.65 

+4.26 

+    7 

29 

56.8 

+  27.S 

Glasgow  4.  6186 

8 

23  20 

50.76 

+  4.26 

+    7 

12 

49.3 

+27.9' 

Klinkerfues-Schur  6628 

9 

0  28 

1.44 

+4.38 

+  15 

25 

:,].:> 

+28.8 

1  [Berlin  A.  154+Glasgow  1.  149] 

10 

i)  26 

53.98 

+4.39 

+  15 

9 

27.5 

+29.0 

\  [Berlin  A.  142  +  Glasgow  I,  143] 

11 

0  27 

0.26 

+4.41 

+  15 

•"> 

17.9 

+29.3 

Berlin  A.  14:; 

•Mary  Tarbox,  graduate  student 
Planet  (12oi  Lache. 
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NTOTE   ()X    THE    PROPER 


The  proper  motion  of  this  star  as  computet]  bj  l'i 
Auwers  (see  preface  ol  \i  weks's  Bradley)  is  +  n  0040, 
+  0M28. 

I  have  lu'en  al>l<-  to  avail  myself  of  a  much  longer  series 
of  observations,  which,  while  il  confirms  the  small  motion 
in  right-ascension,  negatives  entirely  the  quite  considerable 


MOTION   OF    BRADLEY  2444" 

Bi    .1.  G.   PORTER. 

motion  given  For  the  declination.  Ind 
result  seems  bo  ha\ e  been  due  to  a  «  roni 
declinations  of  D'Agelkt  and  1.  \  i  n  de. 
I  append  my  table  of  positions  reduci 
tem.  [n  deriving  the  motion  I  have  i 
i  he  modern  observal  ions. 


1250, 

sd,   Dr.  \i  \m 
reduction  of 

id  bo  bhe  A.GK 
lied  principal! 


K-   - 

the 


sj  s 
\  on 


Bradley . 

D'Agelet, 

Lalande, 

\Yeisse's  Bessel, 

Henderson, 

Munich. 

Pulkowa, 

Bonn, 

Saul  ini. 

Schjellerup, 

(l. >it  ingen, 

( i-reenwich  9-yr., 

Bruxelles, 

Rombe 

( Jordoba, 

Greenwich  LO-yr. 

Radcliffe, 

Cincinnati, 


Epoch 

L752.6 
84.0 
94.5 

L821.6 

I  L.6 
50.0 
58.5 
60.5 
62.6 
63.5 
67.6 
68  6 
::;.  I 
75.0 
77. 6 
78.6 
84.3 
L897.1 


19  17  12.47 
L3.24 
L2.85 
L2.83 

12.1  HI 

12.89 
L2.91 
12.89 
L2.96 
L2.91 
13.03 
12.92 
L3.01 
12.96 
12.93 
12.97. 
12.93 
7  L3.01 
|  ii  0024 


19 

P.  M . 


P.M. 
applied 

12".S2 
L3.52 
13.10 
13.02 
13.03 
13.01 
L3.01 
12.98 
13.05 
L3.00 
13.11 
13.00 
L3.07 
13.02 
12.9S 
13.00 
12.97 
13.02 


ubs 

.  0 


Epocli 

1784.0 

94.5 

L821.6 

I  I  7 
50.0 
58.5 
60.5 
62.6 
63.5 
67.6 
68.6 
73.6 
77'. 1 1 


84. 

1S97. 


Decl.  1900 

ii  26 

31.1 
27.8 
29..S 
29.  S 
27.8 
29.3 
28.0 
31.0 

30.9 

•J  9. 2 
30.3 
29.6 
29. 1 
30. 1 
30.5 
ii  26  30  1 

P.M.  — 0".030 


P.M. 
upplied 


34.6 
31.0 
32.1 
31.5 
29.3 
30.6 
29.2 
32.1 
28.6 
31.9 
30.1 
31.1 
30.4 
30.1 
31.0 
31.0 
30.2 


12" 
Berlin  M.T. 


KIM  I  KM  KKIS 

OK 

MINOR 

PLA  x 1 : 

T  (387),  L89I 

!.!/. 

Bl    .K'l  IN     I 

.  OGBURN. 

4-P 

A.pp.8 

log  A 

jo!, 

Berlin  M.T. 

\,,,,  „ 

\|.|i.  8 

logA 

37' 

35.60 

+  13  20  47.7 

0.3843879 

1 JD8 

.Ian.   17. 

7"  27.'"  7.S7 

+  14  :;7.     r.'.i 

51.54 

13  30   11.7 

17 

7   2::   1S.27 

1  1    16  27.2 

0.3811585 

:;i 

5.85 

l:;    in  72.7, 

0.3822229 

19 

7   21    31.82 

1  1  7,7  53.6 

32 

is  89 

l:;   7.1    IS. 7 

21 

7    19    His.". 

17,     9  24.5 

0.3826288 

30 

31.04 

14      1    7.S.7 

0.3809556 

2:: 

7  is    :;.77 

17.  211  58.4 

28 

12.65 

1112   51.1 

27. 

7   Hi  22.94 

4-17.  32  33.8 

0.3849833 

26 

7.1.1  1 

+  1  1  23  54.3 

0.3805983 

i  Opposition 

January  12.     Mag. 

in1. n. 

set  of  elements  musl   1"'  cons 

orbit  which  can  he  passed  through  bhe 


ELEMENTS   OF   COMET  b  1897 

lis    R.  TRACT    CRAWFORD. 

From  observations  made  at  the  Lick  Observatory,  and    enl 

),.  tic  Students'  Observatory  by  Prof.  4.  M.  Si  hai  bi  cm. 

ctor,   I   have  computed  tic  following    sets   ol 

897 :    the    first    set   from 

M  r.  l'i  i.-i.-im    on   1  tct .  16  and   17.  and   by 

Prof.  II 1  ssi  \    ..11  1  let .  18 ;    and    bhe  second    set    froi 

Oct.  1»7  and  two  by  Prof.  Hussei  01   Oct.31 
.  15. 
The  value  of  log   1/    0.06 1621 

ived  from  the  first  set.  and  agrees  ■ 
with  that  derived  from  the  second  set.  so  that   the 


.  the  best  parabolic 
;i\  en  obsen  at  ions. 


1-1  Set 

■_'ii  Sel 

7'  =  1897  Dec.  8.86570 

Dec.  8.550029  Gr.  M.T 

«,  =  t\<]     6    M  .  1 

65   is  :;s.n  > 

32     2  56.6     1897-0 

69  35  51.5  ) 

Q,  =  32     3  21.0 

/  =  69  35  39.5 

2  =  1.355513 

1.357331 

cos/3  =  -0".3 

+  11  ".7 

jp=  -1  .0 

+  19  .6 

cot  J  =  »9.818048 

n9.238929 

Cot./.-    r,9  si  s,l|  | 

«9.238926 

N"-  422 
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LIST  NO. .»   OF    NEBULAS    DISCOVERED    AT   THE    LOWE   OBSEKVATORY, 


Bl    LEWIS   SWIFT. 


No. 

Date 

B.A.(190O) 

Deol.  (1000) 

I  lescrlption 

1 

181 

Nov. 

l'.t 

li       in     i 

1       2    .'!7 

is    :'  :;.-." 

v  I'\  pS,  R,  up  of  2 

•< 

L9 

1     2    15 

-18    0  35 

1'..  cS.  IE,  almost  stellar,  sf  of  2 

:: 

Oct. 

:io 

1    11   :•  1 

31    11   22 

eeF,  vE  350°,  5st.  sf  have  'list.  romp. 

i 

Nov. 

26 

1    19   to 

+  8  12  55 

eF.  |iS.   I,',   lit"  alt    |>.  St  With  (list.  COmp.  sf  an.  ii| 

.-, 

del. 

30 

I  .;:>  l".i 

-29  26  15 

eeF,  cS.  U.  1!  st  in  margin  of  field 

6 

N.>\ 

17 

1    II  i':; 

-33  16  18 

eeF,  ps.  i;.  2F  st  p  poinl  to  it 

7 

26 

1   50   I.". 

+   5  11     7 

pF,  pS.  K,  9*  near  up 

s 

17 

1  .".;;    5 

-32  I'll  4.". 

eF,  pS,  i;,  Cordoba  681  sp 

>.) 

:'.-. 

2    17   Ki 

33    14  50 

reel',   vS,   11'"..  eee  (lit.   7"    ill    field    sf 

10 

Oct. 

in 

■J    19     ."» 

-34  36  .V> 

eF,  s.  K 

11 

Nov. 

25 

::  11  25 

33  1 1  53 

eeK.  pS.  IE,  7  or  S  pB  st  n 

12 

Oct. 

3 

3  26  20 

-44  27     (I 

pi:,  ps.  i; 

13 

Nov. 

17 

3  32  30 

-44   l-.l   10 

eeeF,  vS,  eeE,  a  ray  90°,  pB  st  f 

14 

Oct. 

;; 

3  39   1<) 

-40   11'  4C» 

eF,  pL.  K,  2  si  nr  i'.  wide  1)  up 

IT) 

Nov. 

1'.) 

3  13     0 

-34     2     it 

eF.  L,  cE,  7M.5  in  contact  nearly  obliterates  it 

i<; 

Oct. 

3 

3  50  20 

-36  17     6 

pB,  S,  R,  st  nr  uf,  1)  st  sp 

17 

Now. 

1!) 

4     6  30 

-39  58     o 

eeeF,  pS,  R.  e  dif,  9M  1  same  parallel 

is 

19 

5  15  35 

-37  12  58 

pp..  eS,  R,  3  st  in  line  np 

lit 

26 

5  20  25 

-27     I  38 

eeeF,  vS,  R,  eee  dit 

20 

Dec. 

1 

5  27     5 

-23     8  20 

eeF,  p.S.  R,  7"  nr  st 

-'l 

( )ct. 

7 

5    11'  30 

-18   13  12 

eeF.  pS,  eF.  45°  A  sf 

22 

7 

.->  48  30 

-17  53   11 

vF,  pL,  R,  v  wide  1)  st  nr  p 

23 

■  >•> 

23  Ht  29 

-43     8  24 

pL,  pS,  K,  <SM  ]i  same  parallel 

-'4 

Nov. 

19 

23  29     0 

36  39     <t 

eeeF,  vL,  bet  2  st,  I)  st  p  4;?  little  s,  pentagon  p 

I'.". 

( )ct. 

19 

23  33  58 

-23     4  30 

eF.  pS.  7"..".  st  Ft-  sf  partly  obscures  it   =    1.XII4L' 

Weiss's  Argelander 

A  few  of  the  above  objects  are  quite  interesting,  notably  numbers      sharp  outlines,  was  centrally  superimposed  en  another  nebula 

15  and  24.  especially  the   latter,     of  the  former  it  seems  strange,       much  larger,  and  of  unimagined  faintness.     It  was  impossible,  the 


although  in  (dose  contact  if  not  partly  superimposed  on  the  star,  that 
it  was  not  lonsj;  ago  found.  1  think  it  would,  could  it  tic  detached 
from  the  star.be  quite  an  interesting  one.  It  is  of  No.  24  I  "  ish 
more  particularly  to  speak,  as  it  is  a  remarkable  object.  It  appears 
lo  he  a  nebulous  nebula,  if  such  an  expression  lie  allowable.  Its 
appearance  was  as  if  a  central,  considerably  elongated  nebula  with 


seeing  being  excellent,  to  assign  limits  to  the  outer  envelope.     It  is 

the  largest  and  among  the  faintest  of  all  my  nebulas.  I  have  re- 
quested the  Director  of  the  l.h-k  Observatory  to  examine  it  with  the 
36-inch  telescope. 

No.  24  of  list  3  =  37  of  list  1. 

No.  I'll  of  list  3  =  30  of  list  1. 


ELEMENTS   OF   THE  ORBIT   OF  (194)    PBOKJSTE, 


I'.v  C.  .1.  MERFIELD. 
Preparatory  to  computing  tin  ephemeris  and  the  differen- 
tia] coefficients  of  the  equations  of  condition  tor  the  pur- 
pose of  correcting  the  orbit-elements  of  this  asteroid, 
provisional  elements  were  computed  with  normal  places 
constructed  on  the  dates  1897  Aug.  14,  1897  Aug.  29,  and 
1897  Sept.  13. 

The  normals  were  obtained  by  correcting  tl phemeris, 

given  in  the  supplement  to  the  Berliner  Jahrlmeh  of  1899, 
by  the  equations 

./«  =   76-.301  -F  [s.cr.Toi']  /  —  [s.(»2r,u'1]  ?"- 
/8    =   4.V.7C)    -  [9.50425] t  —  [8.60981]  f1 

the  quantities  within  brackets  being  logarithms,  and  t  equals 
T0  —  27  Aug.  Berlin  mean  time. 

These  equations  result  from   the  solution  of  fifteen  equa- 
tions of  condition  in  the  form 


„  +  bt  +  >-r-   =   r 

the  absolute  term  being  the  residual  found  by  comparing 
fifteen  observations  with  the  ephemeris  mentioned.  The 
observations  were  taken  by  Mr.  .1.  Tebbutt,  F.R.A.S  .  of 
Windsor.  N.S.W..  and  kindly  communicated  to  the  writer 
in  manuscript. 

Elements. 
Epoch  1897  Aug.  27.0  G.M.T. 


Mean  Eq. 


.1/  =  9   lo  26.03 

M  =  160  22  49.32 

&  =  159   lb     5.59 

i  =  is  41  .-,1.7::  \      189 

4>  =  13  .59  24.38 

fi  =  S27".7283 

)ga  =  0.4214125 


L12 
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V  122 


Middle  place     (C      0)      la  0-.005      /S   -        0".6 

,■  =  [9.9971854]r  sin(«+  50  39  22.60) 
y  =  [9.9977319]r  sin(«+321  L9  36.79) 
'-.   =  [9.1833907]r  sin(i>+272  55  27.0t) 

accenting  u,  $  and  I  to  denote  these  quantities  for  the  3  car 
1900,  then 


— «  =  -  L".39 

These  elements   will  give   some   idea  of  the  corrections 
necessary;  no  doubl   observations  of  this  planetoid  al  pre- 


,-•«  +i".c:  .  a.-a  =  +149'  ;; 

give   some  idea 


vions oppositions  are  available,  and  will  li 
1  0]  rei  1  inns. 
Sydney,  N.S.  FT.,  189"  Noe.  2. 


il  in  the  final 


NEBULAS    NEAR    CASTOR, 

r.\    E.  E.  1;  \i;\ai:i>. 


In  isss.  when  we  fiisl  weul  to  Mt.  Hamilton,  and  before 
ill.-  completion  of  the  Lick  Observatory,  I  found  quite  a 
number  of  new  nebulas  with  the  12-inch  equatorial.  Among 
these  were  five  within  less  than  a  degree  of  Castor.  The 
positions  oi  these  nebulas  were  determined  1>\  equatorial 
pointings  carefullj  corrected  by  pointings  on  Castoi 
be! 1  li"  micrometer  could  be  used. 

These  nebulas  are  interesting  on  accounl  of  their  close- 
ness to  this  well-known  star,  and  I  have  taken  them  from 
a  list   of  unpublished  new  nebulas  which   1   have  in   hand, 


The  positions  here  given  are  reduced  to  1860.0,  the  epoch 
of  Deeyek's  N  i  ■  w  General  Catalogue. 


v.. 

a 

8 

Description 

1 

7  24  23 

1  31 

1 1. 1 

close  | 

..  L051  star 

2 

7   i'l    13 

*  -31 

35.5 

small, 

taint 

3 

7  25   11' 

+31 

10.5 

small, 

:;  s  if:  s  in  chin  e  '-" 

P± 

1 

7  25  27 

+  31 

10.5 

\  erj .  * 

erj   Faint 

5 

7   25  59 

+31 

31.0 

small. 

fainl 

This  close  clustering  together  of  a  Eew  nebulas  in  isolated 


waiting  for  star  catalogues  to  complete  the  positions  of  a      spots  is  a  remarkable  feature  which  I  have  come  across  a 


number  of  those  which  were  micrometrically  observed,  be- 
fore publication. 

These  nebulas  near  Castor  were  all  discovered  on  1888 
May  9,  except  Nu.  L,  which  was  found  .May  L2  of  thai  year. 
Tlir\  were  all  subsequently  seen. 

Yerkes  Obaerwtc  Bay,  Wisconsin,  ISO'S  Dec.  is. 


number  of  times.  I  have  discovered  several  nests  of  these 
similar  in  this  one  near  Castor.  In  mosl  of  the  other  cases, 
however,  the  individual  nebulas  are  very  much  smaller. 

It   is  now  nearly  ten  years  since  these  nebulas  were  dis- 
covered, and  I  regret  thai  the]  were  no1  published  sooner. 


MERIDIAN-CIRCLE   OBSERVATIONS  OF   COMPARISON-STARS, 


FOR   COMETS  L89 

l'.\    R.   II.  TUCKER. 
R.A.  1897.0  Decl. 


Epoch 


78  70 

1 

59 

32.83 

+  ' 

78 

27 

58.0 

M 

L897 

.82 

78  7  1 

2 

r> 

L9.16 

+  7S 

13 

30.3 

'•'i 

1897 

.82 

77  SI 

- 

.... 

11.68 

+  ' 

r, 

12 

25. 1 

7! 

L897 

.84 

NOTICE. 

A   moderate    number    of    copies    of    the    Third  Catalogue  of  VariubU    Stars  are    still    available, 
tributed  gratuitous!}   to  those  interested   in  the  subject,  on  application  to  the  Editor  of  this  Joun 


and  will    be  dis- 


CO  v  T  I.  \  TS. 
Observations  oj    mi    Variables  Z  Herculis    \m>   P"Cygni,   with   Researches 

nisim  itions  "i    Long-Per Variables,   \--\    I'm  i.  S.   Vinhem.. 

The  Leonids  <>i    1897,  i-.i    E.   E.   Barnard. 

Observations  01    (11)  Pabthenope,   by  Evebeti    i.   Fowell. 

ltions  01    Comei  6  1897,  n\    William  J.   Hi  --1  y. 
Observations  oi    Mivi:  Planets,  bi    Mari    \\ .  Whitnei    wni   proline  E.   Furness. 
Note  on  the  Proper  Motios  oi    Bradlei   2444°       3250,   c.\   .1.  6.   Porter. 
Ephemeris  01    Minor   Pi  lnei  (387),  1893    I/,   bi   Johk   II.  Oobi  kn. 
Elements  01    Comet  6 1897,  bi    R.  Tract   Crawford. 

I.im    No  :,  oi    Nebulas  Discovered   \i    nn    Lowi    Observatory,  by   Lewis  Swift. 
Elements  01    mi    Orbii   ">   (194)  Pbokne,  \-\   C.  J.  Merfield. 
Nebulas  near  Castor,   ni    E.   E.  Barnard. 

Meridian-Circm    Observations  of  Compahison-Stars,   for  Comet  6  1897,  b\    R.   II.  Ti 
v . .  1 1 1  1  • . 
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THE   PARIS   CONFERENCE  AND  THE   PRECESSIONAL   MOTION*    (Second  Paper), 

By  LEWIS   BOSS. 


The  object  of  this  communication  is  to  supplement  my 
remarks  upon  the  propositions  of  the  Talis  Conference  of 
1896  (A.J.  410);  and  to  explain  more  fully,  in  answer  to 
the  objections  of  Professor  Newcomb  (A.J.  41 . '5),  why  I  think 
his  investigation  of  the  precessional  motion  ought  not  to 
be  regarded  as  definitive.  On  the  latter  point,  though  not 
in  a  formal  way,  and  not  in  strict  logical  order,  I  shall 
virtually  support  these  general  propositions : 

First.  There  is  no  emergency  calling  for  the  immediate 
adoption  of  new  values  of  the  precessional  motion,  because 
there  is  every  reason  why  there  should  be  a  period  of  in- 
creased activity  in  this  line  of  research.  Investigations 
in  stellar  problems  will  probably  characterize  the  astronomy 
of  the  twentieth  century,  as  research  upon  the  solar  system 
has  been  the  most  remarkable  feature  in  the  astronomy  of 
the  century  now  closing. 

Second.  The  study  of  the  precessional  motion  ought  to 
be  more  effectively  connected  with  the  definitive  solution 
of  problems  concerning  solar  motion,  structure  of  the  side- 
real system,  and  general  systematic  errors  in  observed  star- 
positions,  —  all  of  which  ought  really  to  constitute  a  single 
general  and  indivisible  problem. 

Third.  Material  of  observation  on  the  brighter  stars 
already  exists  in  rich  abundance  for  a  much  more  compre- 
hensive investigation  of  the  processional  motion  than  that 
which  is  presented  in  Prof.  Newcomb's  paper ;  zone-obser- 
vations of  the  fainter  stars  can  also  be  usefully  employed 
in  the  study  of  this  problem  :  and  with  comparatively  little 
exertion  the  value  of  the  existing  evidence  can  be  very 
greatly  enhanced  by  further  observations  now. 

Professor  Newcomb's  investigation  deserves  special  atten- 
tion because  we  are  not  only  to  consider  it  as  a  contribution 
to  knowledge,  but  also  because  we  are  virtually  called  upon 
forthwith  to  adopt  the  results  which  he  has  reached.  In- 
deed, these  results,  through  the  action  of  the  Paris  Con- 
ference, were  predestined  for  acceptance,  and    it  may  be 


surmised  that  they  have  actually  been  adopted  in  the  prepa- 
ration of  some  of  the  Almanacs  for  1901.  That  this  claim 
upon  the  general  acceptance  of  astronomers  is  regarded  as 
a  settled  matter  is  sufficiently  evident  from  the  published 
record  of  the  Conference  and  from  Professor  Newcomb's 
paper  (J.  J.  405).  Now,  I  submit  that  it  is  unusual,  il  not 
quite  altogether  unprecedented,  to  put  forward  a  claim  like 
this,  prior  to,  or  simultaneously  with,  the  first  publication  of 
a  scientitic  investigation.  Heretofore,  the  general  assent  of 
astronomers  to  the  use  of  any  one  particular  evaluation  of  an 
astronomical  constant,  or  element  of  computation,  has  been 
a  matter,  not  of  negotiation,  or  decree,  but  of  examination 
and  judgement.  Through  the  latter  method  Professor  Nkw- 
comb  himself  has  been  most  appropriately  honored  more 
than  once. 

It  may  be  that,  in  the  concluding  paragraph  of  his  reply, 
Professor  Newcomb  intended  to  intimate  that  I  have 
questioned  the  wisdom  of  the  Paris  Conference  in  intrust- 
ing the  investigation  of  the  precession  to  him  rather  than 
to  another.  I  should  be  very  sorry  indeed  to  suppose  that 
Professor  Newcomb  really  means  to  lie  interpreted  in  this 
way,  because  it  would  not  only  indicate  how  much  he  under- 
estimates the  respect  for  his  scientific  ability  which  every- 
where prevails,  but  it  would  also  indicate  that  he  does  not 
perceive  the  force  of  the  real  objection. 

Now,  if  there  is  any  one  principle  more  than  another  for 
which  Science  has  been  strenuously  contending  during  three 
centuries,  it  is  that  truth  shall  be  accepted  not  because  of 
the  weight  of  authority  behind  it,  but  because  of  the  power 
of  the  testimony  upon  which  it  rests.  Accordingly,  if  the 
Conference,  upon  the  topics  considered,  assumed  to  legis- 
late for  astronomy  in  general,  it  not  only  assumed  to  exer- 
cise an  authority  which  was  never  conferred  upon  it,  but 
also  an  authority  which,  in  the  nature  of  things,  could  not 
have  been  conferred.  I  have  assumed,  however,  that  the 
Conference  did  not  profess  to  act  in  a  plenary  sense  for 
astronomers  in  general ;  though  the  practical  effect  is  much 


*  The  delay  in  this  rejoinder  to  Professor  Newcomb's  remarks  (A.J.  413)  might  seem  rather  great,  were  it   not  that  it  is  the  con- 
sequence of  an  expectation  that  contributions  from  others  would  render  it  unnecessary. 
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as  it  might  have  been  had  it  actually  made  such  profession. 
The  directors  of  the  four  Almanacs  enjoy  a  \  irtual  monopobj 
uf  permanent  ephemeris  computation.     If  they  combine  to 

what  values  of  astronomical  constants  shall  be  em- 

tnd  every  one  of  these  publications,  if  is 

evidenl  that  bj  such  action  they,  of  uecessity,  exert  a  very 

pressure  upon  the  computing  practice  of  astron 
in  general,     Under  such  circ  ome  astronomers, 

though  disapproving  th  the  Conference,  might 

ite  to  oppose  what  tin'}  might  regard  to  be  ine\  itable. 
For  this  reason,  I  consider  it  to  be  the  dut]  of  everj 
lligent  astronomer  to  withstand  with  un- 
compromising firmness  any  such  infringement  upon  t  he  free 
spirit  of  scientific  research.  With  all  due  respect  and 
courtesy  for  the  distinguished  astronomers  who  composed 
the  Paris  Conference,  I  consider  their  propositions  uow 
tiveh  open  tn  discussion,  and  with  the  distinct  understand- 
ing that  the  final  decision,  if  any  decision  can  be  reached, 
shall  depend  upon  the  fairly  accordant  opinions  of  astrono- 
mers in  general. 

Before  1  proceed  to  comment  in  detail  upon  Professor 
N'kwi  OMB's  last  paper,  1  must  call  attention  to  the  fact  that 
he  does  not  there  defend  the  action  of  the  Paris  Conference 
as  to  its  conclusions  upon  anything  except  the  precession. 
Yet  the  question  as  to  what  aberration-constant  shall  be 
adopted  is  a  very  important  one;  because,  of  late,  investi- 
gation on  that  point  has  been  very  active.  The  general 
:  recent  testimony  appears  to  have  been  in  favor  of 
a  value  id  the  constant  of  alienation  larger  than  that  which 
the  Paris  Conference  adopted,  —  perhaps  as  large  as  20".50. 
I  is  manifestly  much  curiosity  upon  this  point;  and  it 

would  be  a  grave  misfortune,  if  the  disposition  to  continue 
such  investigations  should  receive  an  untimely  check. 

In  the  outset  of  his  remarks  in  A.J.  II.'!  Professor  New- 
i  mii:  expresses  the  suspicion  that  a  certain  amount  of  mis- 
apprehension may  be  caused  by  the  use  of  the  phrase, 
"Constant  of  Precession."  Professor  Newcomb  himself 
has  freely  employed  this  phrase  (or  its  equivalent),  and  has 
even  entitled  the  work  here  under  discussion,  ••The  Preces 
sional  Constant ;  "  so  that  it  is  not  quite  clear  to  me  w  hether 
or  not  he  means  to  deprecate  the  further  use  of  the  term, 
k,  however,  thai  the  employment  of  that  phrase  is  a 
loose  use  of  language;  and  although  almost  every  one  must 
perceive  its  limitations,  the  further  use  of  the  term  ought, 
perhaps,  to  be  discouraged. 

This  afford  occa  ion  to  repeat   thai  the  result  of  a 

discussion  of  the  precessional  motion  may  depend  very- 
much  upon  the  point  of  view  thai  is  taken  in  the  solution, 
is  more  definite,  let  us  take  a  geometrical  con- 
ception of  the  precessional  motion  without  reference  to  the 
physical  causes  winch  produce  it.  The  very  large  and 
growing  interests  of  stellar  astronomy  demand  some  such 


view-  as  that  \\  Inch  considers  the  precessiiiii  asnieic]\  the 
consequence  of  the  motion  of  two  points  in  the  usual  sys- 
tem of  celestial  coordinates,  the  pule  and  the  equinox. 
these  two  motions  should  be  e, msideivd  to  be  inde- 
pendent hi  each  other  each  might  be  independently  deter- 
mined l>>  observation. 

Stellar  astn mj    must   come  to  this  eventually  ;   but, 

ow  ing  to  the  present  difficult}  of  dealing  with  the  planetarj 
precession  and  the  secular  terms  of  precession  otherwise 
than  through  the  theory  of  perturbations,  it  may  be  doubted 

whether  the  tune  is  yet  ripe  for  such  a  departure  from  the 
customary  method.  It  may  be  assumed,  then,  that  we 
shall,  for  the  present,  relj  upon  theorj  to  establish  a  defi- 
nite relation  between  these  two  motions,  such  that  either  oi 
them  can  be  computed  when  the  other  is  known  for  any 
epoch  from  observation.  The  question  will  then  arise  as 
to  what  weight  shall  attach  to  the  respective  measures  of 
the  two  motions. 

In  order  to  examine  this  point  more  conveniently  let  us 
consider  the  equal  ions. 

C>  cos  in  —  A   =    m 
if/  sin  to  =    // 

in  which  i//  and  A  are  repeetively  the  luni-solar  and  plane- 
tary precessions,  u>  is  the  obliquity  of  the  ecliptic,  in  our 
problem  assumed  to  be  known,  and  m  and  n  have  the  mean- 
ings usually  attached  to  them  in  the  formulas  for  comput- 
ing precession  in  right-ascension  and  declination.  If  n  be 
determined  by  observation,  not  only  xf/,  but  also  m,  become 
known;  while  ///  is  also  directly  determined  b\  measure- 
ment of  the  right-ascension  component  of  the  motion 
of  the  equinox.  Thus,  with  the  assumptions  made  as  to 
<D  and  A.  we  may  determine  the  motion  of  the  equinox 
without  observing  the  sun  at  all.  Now.  while  it  is  impos- 
sible to  construct  a  system  of  star-declinations  and  motions 
which  shall  be  absolutely  free  from  suspicion  of  periodic 
error  of  the  form,  xCOSa,  1  am  sure  that  this  can  be  so 
nearly  accomplished,  that  the  determination  of  f  from  n 
shall  be  fairly  comparable  in  precision  with  thai  arising 
from  the  direct  determination  of  in.  This  is  what  1  meant 
in  my  former  paper  (A.J.  410)  by  the  importance  of  the 
"point  of  view"  in  studying  the  precessional  motion. 

The  uncertainty  in  direct  measurement  of  the  motion  of 
the  equinox,  though  sufficient  ly  evident,  is  apt  to  be  ignored 
bj  investigators  of  precession  when  estimating  the  relative 
precision  in  determination  of  \p  through  m  and  //  respec- 
tively. It  is  true  that  Professor  Newcomb  appears"to  ap- 
preciate this  point  :  but  he,  nevertheless,  actually  proceeded 
as  if  his  chief  concern  was  with  the  right-ascensions.  He 
attaches  some  value  to  the  precession-determination  by 
l>i.\  I>i,i\i.k,  derived  through  a  comparison  of  the  right- 
ascensions  of  LA1ANDE  and  Sill.tl  |,|  I  i;i  p;  while,  though 
apparently  aware*  of  the    value    of  Dr.  Bolte's    exactly 

*  "  The  Precessional  Constant,"  p.  9. 
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corresponding  work  upon  decimal  tons,  he  gives  it,  no  weight 
whatever  in  making  up  his  result.  In  his  work,  "The 
Constant  of  Precession,"  pp.  68  to  7.'!.  Professor  Newcomb 
does  show  some  inclination  to  reconcile  the  value  of  dtp 
which  he  derives  through  right-ascensions  with  the  corres- 
ponding result  from  declinations  ;  but  he  seems  to  me  to 
do  this  in  a  half-hearted  maimer,  and  to  be  chiefly  anxious 
to  demonstrate  that  the  value  of  dtp  which  lie  finally  adopts 
is  substantially  consistent  with  the  corrected  result  from 
right-ascensions  ;  so  that,  after  all,  lie  uses  the  value  of  dtp 
from  »  merely  as  a  suggestion  as  to  further  examination 
and  treatment  of  the  result  through  ///. 

Stating  the  point  in  a  broader  way,  it  seems  to  me  that 
the  determination  of  precession  ought  not,  as  heretofore, 
virtually  to  depend  upon  the  observed  right-aseensions  of 
equatorial  stars,  but  should  take  into  account  stars  distrib- 
uted over  the  entire  sky  and  should  lay  as  much  stress  upon 
the  declinations  as  upon  the  right-ascensions.  In  this  way 
we  shall  be  able,  and  ought,  to  include  with  the  discussion 
of  the  precessional  motion  a  simultaneous  and  intentionally 
definitive  determination,  not  only  of  the  elements  of  that, 
but  also  of  the  error  in  the  provisionally  adopted  motion  of 
the  equinox,  the  constants  of  the  solar  motion,  and  the 
nature  of  the  dependence  of  the  final  results  upon  the  ob- 
served positions  of  stars,  —  comparing  and  contrasting  the 
testimony  from  stars  classified  according  to  proper  motion 
and  magnitude.  All  the  probabilities  seem  to  indicate  that 
Science  has  a  right  to  expect  the  production,  within  com- 
paratively few  years,  of  general  investigations  such  as 
1  have  described.  The  publication  of  the  Gesellschaft 
zones  will  naturally  provoke  such  discussions  ;  and  it  seems 
to  me  entirely  reasonable  to  suggest  that  we  should  await 
the  appearance  of  such  discussions,  before  inviting  general 
agreement  upon  the  adoption  of  a  new  value  of  the  pre- 
cessional motion. 

Professor  Newcomb  apparently  does  not  anticipate  that 
satisfactory  investigations  like  that  described  in  the  pre- 
ceding paragraph  will  make  their  appearance  within  some- 
thing like  a  half  century  to  come.  He  seems  to  think  that 
Astronomy  is  now  about  to  go  into  a  sort  of  decline,  a 
species  of  middle,  or  dark  ages,  during  which  the  spirit  of 
originality,  in  an  energetic  and  capable  form,  will  be  prac- 
tically dead.  He  defines  his  view  clearly  in  these  words : 
"  I  do  not  think  it  will  be  possible  to  make  the  probable 
error  [as  to  the  precession]  materially  smaller  until  we  have 
at  command  the  results  of  observations  and  researches  not 
likely  to  be  available  for  thirty  or  perhaps  fifty  //ears  "  (.4.  J. 
413,  p.  35).     The  italics  are  mine. 

The  general  acceptance  of  this  opinion  in  its  connection 
with  the  Paris  Conference  would  carry  consequences  of 
unusual  moment ;  for  it  would  mean  severe  discouragement, 
if  not  positive  disapproval,  of  any  attempt  to  investigate 
precessional  motion  during  the  next  thirty  to  fifty  years. 


Let  us  see  what  there  is  in  Professor  Newcomb's  work,  and 
in  his  objections,  to  warrant  a  proposition  so  radical. 

His  determination  is  based  upon  only  two  out  of  the 
scores  of  elaborate  series  of  observed  star-positions  which 
are  available.  1  must,  refer  to  my  previous  paper  for  some 
comments  upon  this  point  (A.J.  110).  1  merely  wish  to 
add  here  that  no  one  would  now  think  the  instruments 
which  Bradley,  used  at  all  suited  to  the  delicate  task  of 
precise  determinations  of  star-positions.  Observation  made 
with  them  at  the  present  time  would  be  so  distrusted  for 
the  possibility  of  anomalous  systematic  error  that  it  is 
doubtful  if  they  would  be  given  any  weight,  in  comparison 
with  the  best  contemporary  observations.  The  distance  in 
time  and  the  isolation  of  Bradley's  observations  give  them 
a  real  value ;  but  their  actual  precision  then  is  no  greater 
than  it  would  be  now.  As  to  the  second  of  the  series  of 
determinations  employed  by  Professor  Newcomb  (Green- 
wich ]S(J5±),  it  is  one  of  the  best  we  have,  but  its  date  is 
already  thirty  years  back,  admirably  suiting  it  to  be  chosen 
as  an  ancient  epoch  with  which  to  compare  observations  to 
be  made  within  the  next  decade. 

But  Professor  Newcomb  objects  that  he  did  not  rely  on 
those  two  series  of  observations  alone,  since  he  corrected 
the  proper  motions  arising  from  their  use  by  systematic 
corrections  ascertained  by  means  of  a  large  number  of 
other  authorities.  No  one  could  read  his  paper  without 
understanding  this  ;  but  the  trouble  is,  as  I  suggested  in 
my  previous  article,  that  for  observations  like  those  which 
were  made  with  the  rude  instruments  of  past  times,  even 
by  the  greatest  of  observers,  it  is  impossible  to  arrive  at 
more  than  a  rough  approximation  to  the  systematic  errors 
which  they  contain.  Professor  Newcomb  in  various  publi- 
cations has  borne  testimony  to  this  fact,  and  in  the  article 
now  under  consideration  (A.J.  413),  and  in  reference  to  the 
very  point  under  discussion,  he  says :  "  The  reality  of  the 
corrections  for  reduction  to  the  Boss-system  is,  therefore, 
subject  to  grave  doubt.  I  attribute  the  discrepancy  less  to 
errors  of  either  set  of  declinations  than  to  the  accumula- 
tion of  accidental  differences  in  the  case  of  individual  stars. 
This  conclusion  illustrates  the  danger  of  concluding  that  a 
mean  difference  between  the  co-ordinates  of  two  catalogues 
indicates  a  systematic  difference,  unless  the  number  of  stars 
of  comparison  is  considerable."  Certainly  that  danger  is 
very  great,  and  constitutes  one  of  the  many  cogent  reasons 
why,  in  this  stage  of  the  progress  of  astronomy,  it  is  not 
wise  to  base  a  discussion  of  the  precessional  motion  upon 
only  two  series  of  observations.  The  force  of  Professor 
Newcomb's  reasoning  in  the  last  complete  paragraph  on 
page  34  of  his  paper  (A.J.  413),  cannot  be  fully  appreciated 
until  he  shall  have  exhibited  the  process  by  which  he  de- 
duced the  positions  and  motions  of  the  800  stars  of  his 
catalogue  which  are  in  common  with  Bradley,  and  until  it 
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is  known  to  what  extent  his  propei  motions  have  been  in- 
Bk  mm  i  \ '-  obsei  rations. 

Professor  Newcomb  also  seems  to  imply  thai  of  the 
brightei  stars,  outside  of  those  observed  bj   Bradley,  there 

ne  available  for  a  study  of  the  precessionaJ  mol 

and,  consequently,  thai  cur  only  alternative  is  to  have  re- 
course to  the  older  zone-observations.  Before  assent  is 
given  to  this  view,  some  attention  should  be  devoted  to  the 
star-catalogues  produced  between  1820  and  L850,  at  Green- 
wich, Dorpat,  Edinburgh,  Oxford,  Armagh,  Madras,  St. 
Helena,  Cape  of  Good  Hope,  and  elsewhere.  Even  in  tbeir 
present  condition,  these  catalogues  afford  the  positions  for 
a  mean  epoch  oJ  1835,  of  L2000  to  15000  stars  with  an 
average  weighl  for  the  whole  of  them  which,  at  the  least, 
is  two  or  three  times  that  due  to  Bradley's  places.  Cut- 
ting this  list  ilow  n  to  r.iMin  or  soon  -stars,  it  is  quite  certain 
that  these  positions,  eunihineil  with  good  modern  determi- 
nations, ranging  in  mean  epoch  from  187")  to  1 '.100  as  re- 
quired, would  afford  the  means  of  computing  proper 
motions  that  would  not  be  sensibly  interior  to  the  Auwers- 
BrADLEV  determinations,  even  in  the  casual  sense.  In 
using  this  material  tor  a  discussion  of  the  precessional 
motion  we  should  have,  in  addit ion  to  the  greater  number 
of  stars,  two  advantages  of  the  highest  importance.  First, 
the  stars  would  be  distributed  over  the  entire  sky  from  pole 
to  pole,  permitting  separation  of  precessional  and  solar- 
parallactic  motion  in  the  solution,  with  an  independent  test 
of  the  general  systematic  corrections.  Secondly,  the  danger 
of  unknown  systematic  errors  in  the  star-positions  would 
lie  very  much  less  than  it  possibly  can  be,  with  any  precau- 
tions which  can  !»•  taken,  when  Bradley  alone  is  used  for 
the  first  epoch  in  the  computation  of  proper  motion.  In 
fact  the  period  1820  -1850  is  richer  than  any  other  in  the 
history  of  astronomy  in  fundamental  determinations  of  a 
high  class.  We  have,  tor  instance,  the  determinations 
by  Bessel  at  BLonigsberg,  and  that  by  Argelandeb 
at  Abo,  together  with  those  made  at  Greenwich,  Dorpat, 
Pulkowa  and  the  Cape  of  Good  Hope. 

There  are  about  15000  stars  of  the  magnitude  7".0,  or 
brighter,      for  a  large  fraction  of  these  satisfactory  values 

of  the  proper tion  can  be  computed  now  ;    while  for  the 

remainder  accurate  observations  made  within  the  next  de- 
cade would  suffice  to  place  them  in  the  same  category. 
Valuable  additions  to  this  list  could  he  drawn  from  the 
11000  stars  of  magnitude  7M.0  to  7".5.  Thus  we  have,  or 
soon  may  have,  plenty  of  material  for  studying  the  preces- 
sional  motion  without  having  recourse  to  the  very  taint 
stars. 

The  proposed  new  reductions  of  Piazzi's  numerous  ob- 
servations of  7646  stars,  and  of  Taylor's  observations  of 
11015  stars,  now  in  progress,  should  add  very  materially  to 
the  force  of  the  foregoing  remarks:  ami  it  is  to  he  Imped 
that  other  similar  undertakings  may  be  carried  to  a  sui 


f'ul   conclusion    within    the    ne\t    ten   years.      As   to  the   re- 

observation  of  the  brighter  stars,  this  is  urgently  needed 

for  manj    reasons;    much  of  this  sort  of  work   has    I a 

recent  1\   done:   and  much  more  is  in  progress. 

Professor   Newcomb  objects   to  the  use  of  the  fainter 

>t:ns  in  discussion  of  the  precessional  motion  because  he 
thinks  proper  motions  of  Sufficient  accuracy  cannot  be 
computed  lor  them  individually;  because  the  systematic 
errors  of  the  older  /otio-ohservat  ions  cannot  he  determined 
with  sufficient  precision;  and  especially  because,  to  quote 
his  own  words,  ••  we  meet  with  the  insuperable  difficulty 
that  they  (observations  of  faint  stars  in  right-ascension  i 
are  vitiated  bj  variation  of  personal  equation  with  magni- 
tude." Undoubtedly,  it,  is  not  easy  to  extract  adequate 
information  aboul  the  precessional  motion  from  observation 
of  the  faint  stars  alone.  Yet  it  would  probably  be  con- 
ceded that  it  is  more  desirable  to  have  our  knowledge  of 
precession  based  upon  observations  of  the  more  distant 
stars  if  practicable;  because  the  proper  motions  of  tho  e 
stars  would  be  smaller  and.  therefore,  any  lack  of  symme- 
try in  the  distribution  of  them  would  produce  a  smaller 
distortion  in  the  coefficients  of  the  observation-equations. 
While  some  of  the  faint  stars  are  very  near  us,  the  great 
mass  of  them  are  more  distant  than  the  mass  of  brighter 
stars.  It  is  also  of  interest  to  determine  through  observa- 
tion of  the  more  distant  stars  whether  the  same  apex  of 
relative  solar  motion  applies  to  them  as  to  the  nearer  stars, 
—  those  having  larger  proper  motion.  We  therefore  need 
the  testimony  to  be  derived  from  the  multitudes  of  fainter 
stars  having  practically  insensible  proper  motions,  individ- 
ual!}7 considered. 

What  may  actually  be  accomplished  by  employing  only 
zone-observations  of  fainter  stars  may  be  illustrated  from 
the  precession-researches  of  Dr.  Dreyer  and  Dr.  Bolte. 
Comparing  the  declinations  of  Lalande  with  those  of 
Schjellerdp  and  arranging  the  results  in  three  groups 
according  to  magnitude  we  have  the  following  statement, 
which  exhibits  in  the  last  column  Dr.  Bolte's  determina- 
tion of  05 /In,  n  being  his  adopted  constant,  2(1". 0578,  for 
the  epoch  1830. 

No.  stars 
Group  compared        65  Jn 

5.5  to    7.4  804         -0*40 

7.5  to    8.2         1224         -0.30 
8.3  to  10.  L048         -0.31 

No  star  is  here  rejected  on  account  of  'large  proper 
motion.  The  agreement  of  the  values  of  115  //<  is  remark- 
ably good,  and  one  cannot  help  feeling  that,  if  a  similar 
discussion  were  to  be  extended  to  tens  of  thousands  of 
stars,  and  to  dozens  of  series  of  observations  easily7  availa- 
ble, it  would  constitute  a  most  welcome  contribution  to 
knowledge.     But  the  objection  can  be  made  that  the  above 
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results  are  subject  to  material  systematic  errors,  and  this 
is,  in  fact,  the  case.  An  is  independent  of  a  constant  dif- 
ference in  the  comparison,  hut  it  is  different  if  either  of  the 
catalogues  has  a  systematic  error  of  the  form,  k  cos  «.  It 
appears  that  Piazzi's  declinations,  upon  which  Laxande's 
are  based,  are  subject  to  a  periodic  systematic  error.  This 
was  investigated  by  me  in  my  catalogue  of  500  stars  (p.  [98])  ; 
also  for  143  stars  within  the  Albany  zone  (A.J.  L95)  ;  also 
for  Lalandk,  directly,  through  212  observations  within  the 
Albany  zone  [A.J.  195).  The  three  determinations  are  as 
follows  : 


Source 

Piazzi,  generally, 
Piazzi-Albany  zone, 
Lalande-Albany  zone, 


Correction 

—  0.18  cos«   +0.53  sin  a 

—  0.14  COS«    +  ()..'!('>  sin  « 
-0.25  cos«   +0.29  sin  u. 


Now  each  of  these  determinations  is  founded  upon  what 
must  be  regarded  as  very  slender  material  in  comparison 
with  that  which  is  available  and  in  relation  to  the  impor- 
tance of  the  problem  of  precession ;  yet  the  agreement  of 
the  several  coefficients  must  be  regarded  as  quite  satisfac- 
tory. Therefore,  in  connection  with  other  experiences  of  a 
similar  nature,  I  find  ground  for  believing  that  there  is  not 
much  greater  uncertainty  in  determining  the  luni-solar  pre- 
cession from  star-declinations  than  there  is  in  determina- 
tions from  the  motion  of  the  equinox. 

I  remark,  in  passing,  that  my  interpretation  of  Dr.  Bolte's 
work  results  in  practically  destroying,  or,  rather,  slightly 
reversing  his  indication  of  a  rotation  of  the  stellar  sphere 
about  the  poles  of  the  galaxy.  I  find  the  correction  to 
Struve's  value  of  n  for  1830  to  be  — 0".0033;  while  Pro- 
fessor Newcomb's  interpretation  of  Dr.  Dreyer's  work 
corrects  Struve's  m  for  1830  by  —  0".0066.  The  resulting 
correction  to  the  Struve-Peters  <//■  for  1800  is  —  0".0077 
(resulting  ip  =  50".372T)  ;  the  corrections  through  m  and  n 
being,  respectively,  — 0".0072  and  — 0".0083. 

The  comparison  of  the  zones  of  Lalande  and  Bessel 
with  the  Albany  zone,  excluding  all  stars  which  appear  to 
have  proper  motion  exceeding  0".l,  indicates  clearly  and 
certainly  the  effect  of  solar-parallactic  motion  with  a  very 
respectable  approximation  to  the  coordinates  of  the  solar 
apex  as  determined  from  stars  having  large  proper  motions. 
This  is  a  very  delicate  test,  because  the  coefficients  are  all 
less  than  2".0  per  century,  and,  of  course,  still  less  for  the 
interval  of  observation. 

Dr.  Ristexpart,  in  a  more  elaborate  way,  has  also  pre- 
sented   evidence*  which   tends    greatly  to  strengthen  the 

*Dr.  Eistespart  compared  the  zones  of  Bkssel  with  the  Berlin 
northern  zones  (Becker),  the  mean  interval  being  only  54.5  years. 
The  arrangement  of  the  stars  upon  which  lie  bases  his  discussion  in 
a  zone  of  mean  declination,  +22°. 5,  is  very  unfavorable  for  discrimi- 
nation between  the  effects  of  precession  and  solar  motion.  In  re- 
searches of  this  kind  it  is  virtually  indispensable  that  the  stars 
employed  should  be  symmetrically  distributed  on  either  side  of  some 


opinion  that,  the  older  zone  observations  are  capable  of 
service  in  questions  of  refinement  which  do  not  demand 
a  high  degree  of  accuracy  in  tin-  individual  star-places. 
(Con*/.  (/>■/■  Praec,  mul  die  Bew.  </<>■  Sonne.,  u.s.w.,  Dr.  I\ 
Ristenpabt,  Karlsruhe,  1892). 

In  each  of  the  three  researches  to  which  allusion  lias  just 
been  made,  there  was  employed  less  than  one-twentieth  of 
the  weight  of  testimony  which  will  soon  be  derivable  from 
a  comparison  of  the  older  zones  with  modern  observations  ; 
and  the  promise  as  to  the  value  of  that  testimony  which 
these  merely  tentative  researches  indicate  has  long  impressed 
me  with  the  conviction  that,  whenever  the  testimony  is 
drawn  upon  in  a  comprehensive  and  exhaustive  way,  with 
intelligence,  it  will  yield  answers  of  the  greatest  weight  to 
all  questions  concerning  precession,  solar  motion,  and  re- 
lated problems.  The  new  reduction  of  PiAZZl's  and  TaYXOk's 
observations  combined  with  a  comparatively  small  amount 
of  additional  modern  observations,  after  the  publication  of 
the  Gesellschaft  zones,  will  enable  us  to  discuss  with  advan- 
tage the  systematic  errors  of  the  older  zone-observations, 
and  thus  to  make  this  great  mass  of  testimony  available. 

But  here  Professor  Newcomb  would  interpose  another 
objection  which  relates  to  personal  equation  varying  with 
star-magnitude.  A  great  many  of  the  BRADLEY-stars  are 
comparatively  faint;  a  large  fraction  of  the  whole  number 
is  composed  of  stars  fainter  than  6™.0;  and,  therefore,  this 
objection  by  Professor  Newcomb  applies  in  some  degree  to 
his  own  discussion.  But  it  must  be  admitted  that  this  ob- 
jection is  much  more  serious  in  its  relation  to  the  faint 
stars.  It  is  very  difficult,  however,  to  understand  why 
Professor  Newcomb  singles  out  personal  equation  varying 
with  star-magnitude  as  presenting  an  "  insuperable  "  barrier 
to  investigation.  The  astronomy  of  the  present  day  can  by 
no  means  afford  to  admit  this.  In  his  paper,  contained  in 
A.J.  36?),  Professor  Newcomb  comes  to  the  conclusion  that 
both  chronograph ic  and  eye-and-ear  observations  are  about 
equally  affected   by  this   form    of   personal   equation.     It 

great  circle  of  the  celestial  sphere.     Dr.  Ristenpakt  finds,  how- 
ever, for  the  luni-solar  precession  for  1800,  5C.3633,  0".0165  less  than 
the  Strttve-Peters  value.     For  the  coordinates  of  the  solar  apex 
derived  from  stars  having  proper  motion  less  than  0".l  he  finds 
A  =  294°.3    ;     D  =  +28°.2 

In  a  rough  revision  of  Dr.  Ristenpakt's  equations,  allowing  for 
Dr.  Becker's  personal  equation  for  star-magnitude,  — 0\007  (M — 4), 
adjusting  to  the  system  of  t lie  principal  stars  of  the  American 
Ephemeris,  and  combining  the  equations  in  such  a  manner  that  the 
coordinates  of  the  solar  apex  shall  depend  upon  454  stars  having 
apparent  proper  motion  greater  than  0".l,  while  the  correction  to  the 
Stuuve-Peters  ip  shall  be  derived  from  the  remaining  4565  stars, 
1  find  for  xj/  (1800),  50".3528,  and  for  the  apex  of  solar  motion: 
A  =  295°.4  ;  D  =  +39°.0.  The  correction  of  i//  (Stbuve-Peters) 
through  to  was  — 0".0203;  through  n  it  was  — 0".0404;  adopted, 
— 0".0271.  But  the  result  for  precession  is  quite  sensitive  to  what- 
ever assumption  is  made  as  to  solar-parallactic  motion,  —  a  difficulty 
which  would  be  almost  entirely  removed  by  performing  a  like  com- 
putation upon  a  zone  at  the  mean  declination  — 22°.5,  and  combining 
the  results  with  this. 
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seems  to  me  that  this  conclusion  is  in  need  of  verification 
before  it  shall  be  accepted.  So  far  as  my  own  Limited  ex- 
amination of  the  question  goes  it  leads  me  to  results  at 
variance  with  those  of  Professor  Newcomb. 

A  few  ul  tin'  right-ascensions  of  Albany  (chronographic) 
have  been  compared  with  nearly  contemporaneous  results 
obtained  by  eye  and  ear  in  at  least  three  instances  which 
are  on  record,  the  testimony  of  which  may  be  briefly  sum- 
marized.    In  the  following  little  table,  the  numbers  in  the 

last   column  entitled,    ••  Conn,  of  eye  and  ear   K.A."  are  the 

observed  corrections  necessary  to  he  applied  to  the  respec- 
tive right-ascensions  computed  from  transits  by  eye  and 
ear  in  order  to  make  them  agree  with  Albany  right-ascen- 
sions derived  from  chronographic  transits  that  have  been 
corrected  for  variation  of  personal  equation  with  magni- 
tude in  the  manner  recommended  in  the  introduction  of  the 
Albany  Zone  Catalogue.  The  standard  right-ascensions  are 
the  same  for  all  the  series. 


i;.  \.  ii\  eye  and  ear      No.  stars 
obtained  at  compare,! 


Mean 

magn. 


Corrn.  el'  eye 
and  ear  R.A. 


Albany*  L3  8.8        [-0.016] 

Lieget  2fi  '.t.1  0.000 

Munich!  691  8.8  -0.007 

Some  time  ago  I  made  a  careful  comparison  of  the  rigld- 
ions  (chron.)  of  the  Albany  Catalogue  with  those  of 
Romberg's  Pulkowa  Catalogue  (eye  and  ear).  Each  is  based 
on  the  same  system  of  standard  right-ascensions  ;  the  epochs 
are  near  together;  and  careful  allowance  »as  made  for 
proper  motion  where  it  was  known  to  exist.  The  results 
depend  upon  the  comparison  of  254  stars,  having  usually 
four   observations    in  the  Pulkowa  Catalogue  ami  two  or 

D  the  Albany    Catalogue;    and  they    may  he  expressed 
•nary   thus  : 


Mean 

No.  of 

Albany 

Pulkowa 

magn. 

stars 

uncorrected 

corrected 

5.34 

75 

+0.021 

r  0.003 

7.71 

123 

+  0.042 

-0.011 

8.97 

56 

+0.0.57 

0.01  1 

.  Am.  A.A.s.   Vol.    xxviii,  1879,  p.  117.     The  weight  of  this 
comparison  is  feeble. 

tin  BAJ  [..  '  'atalogut  de.  3K2  i  IoHkx  I'aibh  x,  pp.  59  and  00. 
J  It  \i  seniMju:.  Int.  -Veue  Ann.  Miin.  Stir.  I},}.  II. 


The  numbers  in  the  column  "uncorrected"  are  derived 
from  the  catalogue-places  as  they  stand;  the  numbers  in 
the  column,  "corrected"  result  when  each  right-ascension 
of  the  Albany  Catalogue  has  been  corrected  by  -  0'.0087 
(.I/_4)  _ 0".0012  (M— 4) a,  the  correction  found  from  screen 
observations  (See  Int.  Alb.  A.G-.  Zone-Cat.  p.  (18)  ).  It 
may  be  worth  while  to  point  out  that  this  formula  results 
from  concordant  observations  about  equally  distributed  in 
three  separate  years.  My  personal  experience  with  these 
observations  was  BUCh  as  to  inspire  confidence  in  them.  I 
cannot  see  why  this  measurement  should  not  be  as  reliable 
as  any  other  of  like  apparent  weight  lor  any  other  purpo.se  ; 
and  therefore  I  cannot  now  admit,  that  the  determination 
of  this  form  of  personal  equation  presents  "  insuperable  " 
difficulties  to  any  observer  of  fair  experience.  I  by  no 
means  deny  that  a  determination  of  this  kind  is  subject  to 
the  ordinary  chance  of  casual  and  systematic  error,  which 
in  this  instance  may  well  amount  to  O'.Ol,  and  possibly  to 
0\02,  for  a  star  of  the  ninth  magnitude. 

from  the  lour  comparisons  I  have  here  presented  the 
actually  indicated  correction  for  transits  derived  through 
eye  and  ear  is  insignificant  |  O'.Ol);  and  it  is,  therefore, 
strikingly  at  variance  with  Professor  Newcomb's  inference 
m  regard  to  the  Pulkowa  Catalogue  in  question  i  I../,  .'iij'.ti. 

Recurring  again  to  the  general  topic  relating  to  determi- 
nation of  the  precessional  motion  1  wish  to  suggest  that  a 
new-  and  ingoing  investigation  of  the  mot  ion  of  the  equinox 
appears  to  be  desirable.  The  investigation  made  by  \  i  u 
i  OMB  a  quarter  of  a  century  ago  was  exhaustive  for  its  time, 
but  new  evidence  has  accumulated  since,  not  all  of  which  has 
been  brought  to  bear  upon  the  problem  ;  and  we  may  con- 
fidently look  for  still  more  valuable  observations  from 
several  observatories  within  the  next  ten  years.  Further- 
more it  may  be  desirable  to  investigate  the  practical  i  ffect 
upon  the  determination  of  this  clement  exerted  by  the 
variation  of  latitude,  as  suggested  with  such  force  by  Dr. 
Chandler  (A.J.  284,  p.  154). 

In  fact,  from  every  point  of  view,  the  present  time  seems 
to  me  singularly7  inopportune  for  the  adoption  of  a  new 
evaluation  of  the  precessional  motion. 
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8 

24,4 

+  0  51   12 

+  1    1  1.8 

IS 

IS 

38.41 

1  60  32 

18.9 

9.953 

0.332 

24 

7    11      8 

9 

16  ,  1 

-3     1.60 

-0  50.0 

18 

17 

18.43 

+59    19 

46.6 

9.949 

0.533 

27 

7  26  24 

10 

1 2  .  2 

-2     1.88 

-1    11'. 1 

18 

14 

L5.02 

+  .-.7    lit 

19.0 

9.934 

1.036 
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Mean   Places  for  1897.0  of  Comparison- Stars. 

8 

* 

a 

app.  place 

app.  place 

Aiiilini  il  \ 

1 

IS  30  56.47 

l;:;:; 

+  6.-.  '.'I   22.0 

+  12.0 

Christiania  A. (J.  2858 

2 

18  25     7 

2  22 

+64  33.8 

+  10.S 

DM.  +641268 

3 

is  25  2:; 

-2.20 

+  64  29.9 

+  10.S 

Micrometer-comparison  with  ^2 

4 

is  32  L2.24 

-1.98 

+63  .".7    lo.l 

+  11.7 

Kriiger,  AG.Catal.9869 

5 

is  25     0.40 

-2.03 

+  63  35  25.7 

+  10.5 

Micrometer-comparison  with  >)c4 

G 

IS  24  37.03 

-1.91 

+  c,L'  52   ll.s 

+  10.2 

Krtiger,  A.G.  Catal.  9798 

7 

is  24   36.42 

-1.50 

+  oo  24  55.7 

+  9.4 

Kriiger,  A.G.  Catal.  9796 

8 

IS   17  48.54 

-  1  ..V, 

+  (io  30  55.8 

+  8.3 

Micrometer-comparison  with  ^7 

9 

is  20  21.47 

-1.44 

+  59  50  28.2 

+   8.4 

Kriiger,  A. C.  Catal.  0771 

10 

18  16  18.07 

-1.17 

+  57  50  54.3 

+   6.8 

Kriiger,  A.G.  Catal. 9738 

Notes.  —  The  comet  was  exceedingly  faint  on   all  of   the   nights   of   observation.      No  nucleus  was  seen.     The  wires  were  put,  as 
near  as  possible,  tangent  to  the  preceding  end.     d  indicates  that  Ju  was  measured  directly  with  the  micrometer. 

#3  —  #2;     Ju  =  +16-.31;     48  =  — 3'  51".5. 


ON   THE   ABERRATION  OF   PARABOLIC   MIRRORS, 

By  J.  M.  SCHAEBEKLE. 

In  his  article  in  A.J.  420,  Dr.  Poor  makes  some  state- 
ments which  call  for  remarks  from  myself. 

First,  to  make  plain  that  which  is  "obscure"  in  my 
formulas,  let  what  I  have  elsewhere  called  the  blurring 
factor  be  given  by  the  expression, 

Dist.  from  focus  to  farthest  point  of  image 


(!) 

Dist.  from  focus  to  nearest  point  of  image 

all  distances  being  measured  in  the  focal  plane.  Using 
my  own  notation,  A.J.  413,  we  can  at  once  write  the  rigor- 
ous equations, 

(2)  Greatest  distance  =  p  tan#  sec(<;  +  0) 

(3)  Least  distance       =  F  tan  6 
Consequently, 

(4)  Blurring  factor  =  ~-sec(v  +  8)  =  — — — 

°  F       K        '       cos  (v+ff)  cos^-w 

When  6  is  small  we  can  write,  in  place  of  the  theoreti- 
cally rigorous  expression  (4),  the  approximate  equation 


(5) 


Blurring  factor  = 


cos  v  cosH  v 

which,  for  the  ordinary  purpose  of  illustrating  the  magni- 
tude of  the  errors  to  which  I  have  called  attention,  is 
sufficiently  approximate. 

To  show  how  slight  the  difference  is  between  the  results 
given  by  my  rigorous  and  approximate  formulas,  even  for 
large  values  of  6,  I  have,  as  an  example,  computed  the  fol- 
lowing values  of  the  angular  amouut  of  the  blurring  for 
different  ratios  of  focal  length  to  aperture,  for     6  =  30'. 

Ratio  of  Focal 
Length  to  Aperture   Formula 

5 
6 

7 
8 
10 
Lick  Observatory,  University  of  California,  189"  Dec.  It 


ligorous 

Approximate 

ormula 

Formula 

15  J 

13.5 

10.4 

9.2 

8.1 

7.0 

6.3 

5.4 

1.3 

3.4 

Ratio  of  Focal  Rigorous 

Length  to  Aperture  Formula 

14  2.3 

18  1.6 

22  1.1 


Approximate 
Formula 

1*4 
1.1 

0.7 


Dr.  Poor  is  in  error  when  he  assumes  that  his  formulas 
(which  have  doubtless  been  derived  since  the  publication 
of  my  investigation  in  A.J.  413)  are  general  and  exact  ; 
they  are  exact  only  for  the  single  special  case  of  aberration 
in  the  plane  containing  the  optical  axis  and  the  point 
whose  image  is  under  consideration.  In  like  manner  my 
simple  rigorous  formula  (4)  gives  only  the  aberration  along 
a  line  drawn  in  the  focal  plane  from  the  focal  point. 

The  aberrations  in  other  directions  are  always  less,  reach- 
ing a  minimum,  both  in  the  spherical  field  and  focal  plane, 
in  a  direction  at  right  angles  to  a  line  drawn  from  the  im- 
age to  the  focal  point. 

Dr.  Poor  is  therefore  in  error  in  his  "  Conclusion  "  when 
he  states  that  "The  image  of  a  faint  star  situated  at  an 
angle  a  from  the  center  of  the  field  will  be  a  disk  whose 
diameter  is  y,"  etc. ;  for  his  y  is  simply  the  maximum  length 
of  the  elongated  star-image,  whose  form,  even  in  the  spheri- 
cal held,  is  more  nearly  linear  than  it  is  circular. 

As  to  the  method  of  derivation  of  my  formulas  I  wish  to 
say  that,  as  the  photographic  plate  for  a  symmetrical  re- 
flector must  be  normal  to  the  optical  axis,  and  also  contain 
the  focal  point,  it  seemed  to  me  superfluous  to  first  deal 
with  the  blurred  and  distorted  image  in  the  spherical  field. 

The  extreme  simplicity  of  formula  (4),  which  is  derived 
directly  by  considering  only  intersections  with  the  focal 
plane,  is  only  rivaled  by  its  theoretical  exactness. 

How  greatly  the  defects  in  the  images  are  magnified 
when  an  eccentric  area  of  the  paraboloid  is  used  may  be 
judged  by  the  results  for  the  special  case  which  I  have 
considered  in  A. J.  419.  (For  certain  corrections  to  this 
last  mentioned  article  please  see  A.J.  421.) 
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EPHEMERIS   OF    (247)  El  A'/,'. I  77.'. 

Bj    u  1I.IIK1.M    LUTHER. 


1   take  the  liberty  to  send   you  an  ephemeris  of  iL'17) 
opposition  oi   1898,  calculati  d   bj 
inv  son  Dr.  \\  11  in  i.\i  l.i  ri i i:k.  in  the  hope  thai  the  planet 
may  be  observed  al  American  observatories.    The  coi  pi 
of  the  ephemeris  will  be  small. 

Since  the  oppositions  in  1895  and  1896  ,  observed) 

observations  of  that  of  1898,  when  the  asteroid  will  In-  in 
ei  mutt  ion.  arc  \  ery  desirable. 

ROBJ  K  I     l.i   III  i:k. 
Observatory  of  Diisseldorf,  Martinstrasse,  mi.  is',17  /),,-.  1:;. 
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NEW   ASTRONOMICAL   WORK. 


c  Orbits  '"/  6.  II.  Dakwin  of  Cambridge.   -  Acta  Mathe- 

l-      Vol.  XXI.  pp.  '.I'.I   lMl'. 

In  the  motion  of  translation  of  a  system  of  bodies  if  the  initial 
positions  and  velocities  can  lie  so  adjusted  that  after  the  lapse  of  a 
certain  time  the  bodies  retake  relatively  to  each  other  the  same  po- 
Mtiun^  and  velocities,  such  a  solution  is  called  a  periodic  solution; 
and  the  orbits  described  may  be  called  periodic.  M.  I'mxi  \i:i:  has 
divided  these  solutions  into  three  classes,  of  which  the  first  contains 
those  in  which  the  periods  Of  revolution,  about  one  of  the  In  .dies  con- 
sidered as  central,  have  not  necessarily  ratios  of  commensurability. 
This  .lass  might  well  be  denominated  tin-  synodic  class,  In  the 
second  and  third  classes,  on  the  contrary,  the  periods  must  have 
ratios  of  commensurability.  In  the  second  class  the  relative  motions 
are  in  one  plane.  But  in  the  third  they  are  not  subjected  to  this 
re-'  riction. 

Prof.  1 1  Ai:w  in  has  treated  the  first  of  these  classes  in  the  special 

case  ..I  Hi"  I'll. l.i,  in  .,1'  Three  Ilodies  now  widely  known  as  the  lie- 
Stricted  Problem.  His  numerical  illustrations  are  confined  to  the 
particular  case  where  the  ratio  of  the  masses  of  the  two  attracting 
bodies  is  a-  10  to  1.  On  account  of  the  very  onerous  computations 
necessary  for  the  discovery  of  the  desired  orbits, the  investigation  has 
been  -till  further  limited  in  several  directions.  Nevertheless,  in  this 
memoir  we  have  about  30  examples  of  periodic  orbits,  some  of  which 


pass  in  a  single  circuit  about  either  one  or  the  other  of  the  attracting 
bodies,  while  the  remainder  circulate  about  the  lighter  body  with  one 
or  two  loops. 

Prof.  Darwin  has  not  contented  himself  with  merely  tracing 
these  orbits,  but  has,  in  addition,  in  nearly  every  ease,  considered  the 
question  of  their  stability;  that  is,  the  possibility  of  the  superposition 
of  small  oscillations  upon  them  without  their  thereby  failing  to  satisfy 
the  equations  of  motion,  lie  has  also  conveniently  divided  the  in- 
stances of  instability  into  two  classes  which  are  denominated  even 
and  uneven. 

Periodic  orbits  are  discovered  by  interpolation  hetw  ecu  two  or  more 
orbits  which  lie  close  to  them.  For  the  tracing  of  the  latter  we  arc- 
driven  to  the  processes  of  mechanical  quadratures.  Prof.  Darwin 
appears  to  have  generally  adopted  thai  which  involves  the  compu- 
tation of  the  radius  of  curvature  for  points  strewn  along  the  curve, 
the  length  of  the  latter  being  the  independent  variable. 

This  memoir  constitutes  a  remarkable  contribution  to  celestial 
mechanics,  as  well  as  to  the  integration  of  differential  equations. 
The  results  arrived  al  are  always  of  intense  interest,  and  sometimes 
afford  occasion  for  surprise.  Mathematicians  and  astronomers  are 
deeply  indebted  to  Prof.  Dakwin  for  the  admirable  patience  be  has 
shown  in  the  elaboration  of  the  subject. 

G.  W.  II. 


C  O  X  T  E  X  T  S  . 

The  Pun-  Conference  am.  toe  Precrssionai    Motion    Second  Pater),  by  Lewis  Boss. 

Observations  oi   Comei  '<  1897,  by  Herbert  R.  Morgan. 

iin  mi    Aberration  of  Parabolic  Mirrors,  by  J.  M.  Schaeberle. 

EPHEMERTS    01        L'17     EUKRATE,    BY    WlLHELM    I.I    Mill:. 
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THE  GRAVITATIONAL  CONSTANT  AND  THE  MEAN  DENSITY  OF  THE  EAKTII, 

By  R.  S.  WOODWARD. 


Amongst  the  astronomical  constants  few  are  known  with 
less  precision  than  the  mean  density  of  the  earth.  Determi- 
nations of  this  constant  made  during  the  present  century 
range  from  about  4  to  about  7,  and  give  an  average  of 
about  5.5.  The  more  recent  and  more  refined  determinations 
fall  between  5.5  and  5.6,  with  a  tendency  towards  the  lower 
of  these  values,  but  it  does  not  appear  possible  at  present  to 
give  precision  to  any  narrower  limits. 

All  known  ways  of  deriving  the  mean  density  of  the 
earth  require  measurements  involving  the  gravitational 
constant.  Calling  this  constant  /.-,  and  denoting  the  mean 
density  of  the  earth  by  pm,  it  is  essential  to  measure  the 
values  of  two  independent  functions  of  k  and  p,„,  whence 
both  constants  may  be  found  by  elimination.  One  of  these 
functions,  used  hitherto  in  all  determinations  of  pm  so  far 
as  I  know,  is  that  giving  the  acceleration  of  gravity,  rj,  at 
the  place  of  observation.  The  other  function  gives  k  inde- 
pendently of  pm,  as  in  the  Cavendish  method,  or  as  a 
function  of  pm  through  g. 

It  is  the  object  of  this  paper  to  give  the  numerical  value 
of  the  product  of  /.-,  and  pm,  and  hence  to  indicate  a  simpler 
method  of  procedure  than  that  usually  followed  in  deriving 
pm.  Incidently,  also,  it  seems  proper  to  insist  on  the  desir- 
ability of  concentrating  attention  on  the  gravitational  con- 
stant. An  explanation  of  the  meaning  of  this  constant, 
and  a  knowledge  of  its  precise  value  in  terms  of  terrestrial 
units,  appear  to  be  essential  to  an  understanding  of  the 
mechanism  of  gravitation  itself.  Quite  apart  therefore 
from  the  question  of  the  mean  density  of  the  earth,  the 
gravitational  constant  must  be  regarded,  at  present  at  any 
rate,  as  a  subject  of  fundamental  importance.  If  it  is  pos- 
sible, however,  to  determine  this  constant  with  sufficient 
precision,  the  mean  density  of  the  earth  will  be  known  at 
once  with  a  certainty  indicated  by  four,  and  probably  by 
five,  significant  figures,  since  as  shown  below,  the  product 
kp„,  can  be  computed  to  five  such  figures  with  an  uncer- 
tainty of  only  one  or  two  units  in  the  last  figure.  Determi- 
nations of  k  made  hitherto  appear  to  be  uncertain  in  the 


third  significant  figure.  Hence,  if  practicable,  it  is  very 
desirable  that  improved  methods  of  measuring  this  con- 
stant be  devised. 

Obviously  the  product  of  the  gravitational  constant  k 
and  the  mean  density  of  the  earth  pm  is  a  constant.  That 
is, 

/•>,„   =    C  (1) 

and  if  C  can  be  found,  pm  will  be  known  independently  of 
the  local  value  of  the  acceleration  of  gravity  as  soon  as  k 
is  measured. 

The  constant  C  is  found  in  the  following  manner  :     Let 

V  denote  the  potential  function  due  to  the  gravitation  and 

rotation  of  the  earth ;    let   dS  denote  an   element   of  the 

earth's  surface  ;  let  dn  be  an  element  of  the  normal  drawn 

positively  inwards  at  dS;  and  denote  an  element  of  volume 

by  dr.     Writing  for  brevity 

32  y       diy       di  y 


J-V  = 
Green's  theorem  gives 


,).!■ 


+ 


-dlf 


+ 


,)::■ 


/*•**-  -Jar 


dS 


Calling  p  the  density  in  the  element  dr,  and  denoting 
the  angular  velocity  of  rotation  of  the  earth  by  w, 
A°-V  =    -inkp  +  1V 
Substituting  this  in  the  above  equation  there  results 

-l.kfpdr+2«rjdr    =         j"^ 
Denoting  the  volume  of  the  earth  by  v, 

I  dr    =    v     and     J  pdr    =    Vp,n 
Hence  it  follows  that 


dS 


or        1     rdV  ia 
lit       -lirrj    an 


(2) 

This  result  it  will  be  observed  is  independent  of  any 
hypothesis  as  to  the  arrangement  of  the  earth's  mass.  It 
is  known  also  independently  of  any  such  hypothesis  that 
to  the  first  order  of  approximation* 

*  See,  for  example,  Die  Mathematischen  und  Physikalischen  Theo- 
rieen  der  Hoheren  Geodiisie  von  Dr.  F.  R.  Helmei.t,  II.  Teil,  p.  47. 

(121) 
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,>V 


=  K+/3  sin*g  +y  cossq  cos2A 


wherein  u.  p.  y  are  constants,  and   qp,A   are  the  latitude 
and  longitude  respective!}  of  dS. 

Let  a  denote  the  semi-axis  major  and  e  the  eccentricity 
of  the  generating  ellipse  of  the  earth's  spheroid.     Then  the 

element  of  surfai  i 

cosq  dq  d\ 


I 


dS  =  a2(l-«*)  p= 


1      ■  ■    .in  q  | 

Substituting  the  values  (3)  and  (4)  in  equation  (2 
seen  thai  the  term  in  y  disappears  by  reason  of  the  inte- 
gration with  respecl  to  X,  which  varies  from  0  to  2tt.    Tims 

For  brevity  put 

x   =   e  sin  qr 

x  =  0  for  <j    =  0 

=    e  for  qr   =   ^ 


Substituting  these  values  in  (5),  observing  thai 


and  that     <o  = 


w  lien-  T  is  the  number  of  mean  solar 


seconds  in  a  sidereal  day,  equation  (2)  becomes 


whence 
Then 


„,  0      V  0 

,  2!t 

1  — e2  r      dx       r 
md  /sinsq  rffi  =  2oa  -^j- J  (l-a^J  ' 

Evaluating  these  integrals  it  is  found  that 
,(         i_e«,      i  +  , 
5  =  2* 


(8) 


and 


.      1-e*       1  +  e) 

=  ivcr  Sj  say  ; 

l-e!  s     -'-      ,    ,      l-« 

=   4tt»-<  ,.+  1\  e*+^  «*+...) 
=  iira"  st  say. 


4ira  Vl— e- 
Now  k  and  /i  are  known  from  pendulum  experiments, 

since    '         is  the  normal  acceleration  at  any  point  (qp,A) 

of  the  earth's  surface.     Using  the  values  given  1>\  Belmeki 

(page  I'll  o\  the  work  cited  above), 

«  =  978.00  (centimetres)  /  (second)* 
ji  =       5.19  (centimetres)  /  (second)' 

Tims  all  the  factors  in  the  second  member  of  (7)  are 
known,  and  hence  kpm  is  known  with  the  same  precision 
as  «,  whose  error  is  probably  QOt  greater  tjian  two  units  in 
the  second  decimal  place. 

It  is  worthy  of  remark  that  kp„  is  a  quantity  of  the 
same  kind  as  the  square  of  an  angular  velocity,  or  of  the 
same  kind  as  an  angular  acceleration. 

To  compute  the  numerical  value  of  the  second  member  of 
(7)  I  make  use  of  Clarke's  spheroid  of  1866.  For  this 
spheroid 

log  (a  in  feet)  =  7.320688 

Log  -  =  7.83050  -  10 
log  s,  -  9.99902  -  10 
logs.,  =   9.52346  -10 

With  these  data,  with  the  values  of  a  and  fi  in  equa- 
tions (8),  and  with  1.484016  for  the  logarithm  of  the  num- 
ber of  centimetres  in  a  foot,  it  is  found  that  the  constant  C 

in  (1),  or 

hPm  =  3C.7'.»7  X  I""11/  (second)2 
and  logA'p,,,   =   3.56581  -10 


OBSERVATIONS  OF   THE 

BY   WILLIAM 

The  following  measures  of  the  positions  of  the  satellites 
S   were   made   with   the   .".G-inch    refractor,   using   an 
ece  magnifying  520  diameters.     The  angles  were  ob- 
served by  passing  the  micrometer-wire  through  the  satellite 
all,l  thi  center  of  the  visible  part  of  the  illumi- 

ii;ijl    of  the   planet.     The  distances  were  measured 
iearer  Limb  (or  terminator)  or  from  the 
r  limb  (or  terminator).     During   the   measures    the 
planet  was  ',.<■■.■>  aeai  the  renter  of  the  field  of  view,  and  its 
:   of!  in  anj  way.     When  the  seeing  was 
good  Phobos  did  not  disappear  until  its  distance  from  the 
limb  of  the  planet  became  less  than  5".     .Measures  at  dis- 
iter  than  this  were  easy.     Deimos  is  much 
fainter  and  more  difficult  to  measure. 

Each  result  given  is,  in  general,  the  mean  of  two  com- 


SATELLITES  OF    MAJRS, 

J.  HUSSEY. 

pari  sons.     In  a  few  eases,  however,  the  values  have  been 

obtained  from  a  single  setting  ot   the  micrometer.     Such 

values  are  indicated  b]  an  asterisk  following  the  measured 

quantity. 

The  corrections  for  phase  and  for  refraction  in  position- 
angle  and  distance  have  been  applied.  The  refractions 
were  computed  \<\  equations  (349)  of  Chai  venet's  Spheri- 
cal and  Practical  Astronomy,  Vol.  II.  5th  ed.  The  fcoTrec- 
tions  for  phase  were  computed  bj  the  equations  given  in  the 
Astronomical  Journal,  No.  337.  These  corrections  have  been 
applied  to  the  position-angles,  and  to  such  of  the  distances 
as  were  measured  from  the  terminator.  The  corrections  for 
iction  ami  phase  were  in  all  cases  very  small. 
Iii  reducing  the  distances  t"  the  center  of  the  planet,  the 
values  of  its  semi-diameter  used  were  those  obtained  from 
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measures  made  on  the  nights  of  the  observations.     These 

values  arc,  fur  Dec.  20,  s".5S,  and  lor  Dee.  21,  X".50. 

From  the  data  given  by  Marth  in  the  Monthly  Notices, 
It'.A.S.,  April,  1890,  1  have  computed,  somewhat  roughly, 
an  ephemeris  for  the  satellites.  The  column  0  — C  gives 
the  differences  between  the  observed  and  computed  places. 

In  the  column  headed  Limb,  N  and  1''  indicate  thai  lie 
measures  of  distance  were  made  from  the  nearer  and  further 
limb  (or  terminator)  respectively. 

Position-Angles  ok  Phobos. 
Mt.  Hamilton  M.T.  l'osition-Angle       O — C 


L896  Dec,  20     10 

36 

19 

56.43 

-1.66 

41 

L'.'i 

58.37 

+  0.0  1 

11 

13 

56 

.v;. it; 

-0.14 

47 

to 

52.97 

+0.20 

21       6 

11 

19 

236.81 

-1.03 

46 

6 

234.36 

-0.93 

50 

36 

233.56 

-1.07 

7 

17 

16 

229.09*         -1.72 

9 

9 

9 

62.27 

—0.02 

42 

18 

58.07 

-1.16 

48 

31 

58.22 

-0.55 

10 

0 

49 

56.97 

-0.89 

50 

16 

53.01 

-0.50 

51 

38 

52.43 

-0.90 

12 

49 

42 

241.64 

-1.82 

53 

48 

240.85 

-2.03 

13 

19 

19 

238.12 

-2.05 

22 

05 

238.1 1 

-1.84 

32 

13 

238.21 

-0.96 

POSITION- 

Angles 

of  Deinws, 

Mt.  Hamilton  M.T. 

Position-Angle        O — C 

1896  Dec.  20     15 

47 

13 

57?33 

+  1.36 

21       (3 

9 

45 

237.66 

-0.52 

44 

29 

235.55 

-1.87 

48 

15 

235.61 

-1.84 

7 

23 

14 

236.62 

-0.13 

25 

31 

236.02 

—0.68 

9 

46 

1 

234.69 

+  1.62 

Distances  of  Phobos. 

Mt.  Hamilton  M.T. 

Distance 

O— C       Limb 

890  Dec.  20     10  47 

'  1 

21.80 

+o'!33         N 

51 

31 

21.55 

-0.14         F 

11     2 

■> 

21.72 

+  0.19         F 

21       6  14 

30 

21.89 

+  0.12         F 

16 

39 

21.55 

-0.16         N 

18 

38 

21.82 

+0.19         N 

21 

12 

21.59 

+  o.o.-.         F 

34 

22 

20.10 

-0.45         F 

36 

58 

20.61 

+  0.33         X 

39 

•»•_> 

19.79 

-0.23         F 

41 

34 

19.50 

-0.25        N 

55 

4.-> 

17.57 

-0.02         N 

57 

56 

17.27* 

+  0.08         F 

7     0 

24 

16.70 

-o.ol         F 

2 

43 

15.98 

-0.31         N 

4 

38 

15.67 

-0.23         N 

21     7     6 

39 

15.09 

-O.10         F 

Distances  of  1'hobos.  —  Cont. 


Mt.  Hamilton  M.T. 

Distance 

O— C 

Liml 

1896  Dec.  21     7"  s" 

58 

1  L88 

—04  1 

N 

L2 

34 

1  4.19 

+  0.01 

1' 

15 

11 

13.50 

-0.11 

N 

9  13 

22 

17.25 

0.54 

N 

17 

15 

18.61 

+  0.1S 

K 

20 

19 

IS.  75 

0.16 

N 

23 

16 

19.71 

+0.37 

F 

10     9 

51 

21.83 

1  0.25 

N 

17 

22 

21.01 

-0.13 

F 

21 

17 

20.59 

-0.22 

N 

25 

12 

20.11 

-0.32 

F 

44 

53 

17.19 

-0.17 

N 

46 

38 

17.50 

+  0.15 

F 

54 

11 

15.SS 

-0.03 

F 

56 

32 

15.20 

-0.16 

N 

13     1 

11 

18.50 

+  0.1  1 

N 

29 

48 

21.27 

+  0.12 

F 

37 

16 

21.75 

+  0.17 

F 

40 

22 

21.47* 

-0.23 

N 

40 

28 

22.00 

+  0.17 

F 

49 

4 

21.51 

-0.31 

N 

51 

58 

21.57 

-0.24 

F 

14     8 

28 

21.28 

+0.28 

F 

14 

15 

20.46 

-0.02 

N 

Distances 

of  Deimos. 

Mt.  Hamilton  M.T. 

Distance 

O— C 

Limb 

896  Dec.  20     lo"  if 

4 

53^31* 

-0.26 

F 

18 

57 

54.24* 

0.00 

F 

21       6  24 

36 

56.02 

+  1.50 

F 

31 

4 

50.11 

+  1.62 

F 

7  44 

25 

53.45 

+  1.31 

F 

48 

43 

53.18 

+ 1 .26 

N 

8     5 

22 

51.81 

+  0.93 

F 

9 

20 

52.01 

+  1.43 

F 

13 

...i 

52.08 

+  1.70 

F 

15 

48 

50.99 

+  0.S0 

N 

20 

43 

50.13 

+  0.30 

F 

26 

59 

19.96 

+  0.09 

N 

27 

44 

49.59 

+  0.37 

F 

It  may  be  noted  that  the  negative  sign  predominates  in 
the  residuals  for  the  angles  of  both  Phobos  and  Deimos  ; 
that  the  residuals  for  the  distances  of  Phobos  are  generally 
small,  with  only  a  slight  excess  of  the  negative  sign,  while 
those  for  Deimos  (except  the  first  two)  are  positive  and 
much  larger  than  the  probable  error  of  an  observation.  This 
last  circumstance  led  me  to  compare  Prof.  Schaebeble's 
observations  of  Deimos  of  Nov.  28, 1896  (A.J.  399),  with  an 
ephemeris  computed  from  the  data  given  by  Marth.  The 
angles  agreed  within  the  errors  of  observation,  but  of  the 
residuals  for  distance  fourteen  are  positive  and  four  nega- 
tive, the  mean  of  the  residuals  for  the  eighteen  obser\  ations 
being  +0"4S.  I  have  made  no  comparisons  with  his  other 
observations,  nor  have  I  examined  the  question  whether 
these  residuals  may  be  explained  by  a  revolution  of  the  line 
of  apsides  of  the  satellite. 


Mt.  Hamilton,  Cat.,  1S97  Dec  21. 
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A    \<>Ti:    ON    AN     ERROK    IN    THE    EXPRESSION    FOR    THE    [NTENSITY    OF 

ILLUMINATION    AT   THE    FOCAL    PLANE   OF    A    TELESCOPE   DUE 

TO   AN    IN  FIN  LILLY    EXTENDED    LUMLNOUS   AREA, 

By  P.  I..  <>.  WADSWORTH. 


In  A.J.  421  Prof.  Schabberle  criticises  a  certain  i 
which  I  liLivc  recently  made  use  of  in  developing  tin-  thenry 
ct  the  "contrasting"  or  "delineating"  power  of  telescopes. 
:  .is  the  result  itself  is  concern!  d,  Prof.  Si  a  leberle's 
criticism  is  perfectly  just,  but  he  Ins  missed  completely 
(if  I  understand  tins  part  of  his  criticism  properly)  the 
real  error  that  was  committed  in  obtaining  it.  which 
was  detected  and  announced  several  days  before  Prof. 
Schaeberle's  article  reached  me.*  Before  pointing  this 
<iut.  however,  1  desire  to  enter  a  protest  against  the  waj  in 
which  Prof.  Schaeberle  has  (no  doubt  quite  unintentionally) 
misrepresented  my  relation  to  the  work  upon  which  the  re- 
sult in  quest  ion  is  based. 

From  what  Prof.  Schaeberle  says  it  might  be  inferred, 
I  think,  that  I  had  claimed  to  have  discovered  and  an- 
nounced this  result  for  the  first  time.  Now,  I  have  always 
been  careful,  in  discussing  any  subject,  to  give  references 
to  all  previous  work  in  the  same  field  that  was  known  to 
me  at  the  time,  and  1  do  not  desire  therefore  to  be  repre- 
sented as  claiming  credit  for  anything  that  has  been  sug- 
gested or  done  by  a  previous  investigator,  whether  the 
suggestion  be  good  or  bad,  or  the  work  correct  or  incorrect. 
I  hope  that  I  may  be  exonerated  from  that  suspicion  at 
least  by  those  who  read  my  papers  carefully,  and  look  up 
the  references  which  they  contain  to  previous  work.  In 
the  particular  case  under  discussion  I. gave  references,  both 
in  my  preliminary  note  to  the  R.A.S.  (M.N.,  June,  1897), 
and  in  the  subsequent  more  complete  paper  in  the  Astro- 
physical  Journal  (  Lug.,1897),  to  the  papers  of  Stokes, 
Struve  and  EtAsxEiGH.f  I  do  not  know  of  any  others, 
whose  work  bears  on  this  particular  problem.  The  first 
two  writers  had  dealt  with  it  from  a  more  purely  analytical 
side,  but  Ratleigh,  in  reviewing  and  extending  their  work 
in  his  great  memoir  on  the  Wave  Theory,  to  which  the 
writer  has  so  often  referred, J  definitely  announced,  then  for 

*  The  error  was  discovered  on  Dec.  16.  On  the  17th  a  note  an- 
nouncing it  was  sent  to  the  Astrophysical  Journal,  and  letters  giving 
full  details  as  to  its  nature  and  effect  on  the  conclusions  of  my  previ- 
ous papers  were  sent  to  Prof.  Schaeberle  with  whom  I  had  already 
hud  Bome  correspondence  in  regard  to  the  matter,  and  to  Prof.  Hale. 
A.J.  122,  containing  Prof. Schaebeble'8  article,  and  the  advance 
proof  sheets  of  a  note  by  Mr.  Neuali.  on  the  same  subject  (which 
will  be  published  in  the  next  number  of  the  3/. N.),  reached  me  on 
the  -Jlst.  on  my  return  to  the  Observatory  from  a  temporary  absence 
in  t  hieago. 

t  See  foot  notes  on  p.  587,  M.N.,  and  pp.  120,  130, 133.  Astrophysi- 
cal Journal.  In  my  paper  in  .-1..Y.  :'.4:;i'.  subsequently  republished 
in  Knovcltthji-,  Aug.,  Sept.,  1807,  I  referred  to  the  result  simply  "as 
resulting  from  the  principles  of  the  wave-theory,"  but  in  this  paper 
I  referred  the  reader  back  to  the  two  papers  just  mentioned,  which 
dealt  with  the  problem  from  the  historical  and  the  purely  analytical 
side. 

XEnc.Brit.,  V..1.XXIV. 


the  first  time  1  believe,  the  result  that  the  illumination  at 
the  focal  plane  of  a  telescope,  <\w  to  an  infinitely  extended 
luminous  area,  was  equal  simply  to  tti--,  the  area  of  the 
object-glass.  In  this  memoir  the  writer,  after  reviewing 
the  work  of- Stokes  and  Strove  and  adding  an  independent 
demonstration  of  his  own,  concludes  (§  12) :  "If  we  inte- 
grate (30),''  /.>.. 

#$&*>)  *(30)R 

"  with  respect  to  £  between  the  limits  — oo  and  +oo  we  ob- 
tain jri?2  as  has  already  been  remarked.  This  represents 
the  whole  illumination  over  the  focal  plane,  due  to  a  radiant 
point  whose  image  is  at  0,i  or  reciprocally  the  illumination 
at  0  (the  same  as  at  any  other  point),  due  to  an  infinitely 
extended  luminous  area."  Earlier  in  the  same  memoir 
(ill)  lie  announces  the  corresponding  result  for  a  luminous 
line  in  these  words  :  "If  the  image  of  the  line  be  at  £  =  0" 
(the  center  line  in  the  field)  "the  intensity  at  any  point; 
f,  -q,  in  the  diffraction-pattern  may  be  represented  by  " 


(8)r 


and  again,  when  dealing  with  the  same  case  for  a  circular 
aperture,  "If  we  integrate  the  expression  (8)R  for  1",  with 
respect  to  rj  we  shall  obtain  a  result  applicable  to  a  linear 
luminous  source." 

I  refer  to  these  results  now  more  in  detail  than  I  have 
heretofore,  not  with  the  intention  of  making  them  any  ex- 
cuse for  having  overlooked  the  error  underlying  their 
derivation,  when  I  made  use  of  them  in  developing  the 
theory  of  telescopic  " delineating  power ; "  but  simply  be- 
cause it  is  necessary  in  order  to  clearly  point  out  the  error 
that  has  been  committed. 

It  will  be  observed  that  Rayleigh  gives  no  proof  that 
the  integrals  (30)R  and  (S)R  actually  represent  the  illumi- 
nation at  the  focal  plane  due  to  infinitely  extended  sources 
and  linear  sources  respectively,  but  assumes  that  they  do, 
on  the  general  principle  of  reciprocality  or  reversibility.  In 
my  own  work  I  approached  these  cases  from  a  different 
point  of  view,  treating  them  as  special  cases  of  the  more 
general  one  of  a  source  leaving  any  form  or  extent,  and 
either  uniform  or  variable  in  intensity.  For  this  general 
case  I  derived  three  expressions  [(13),  (16)  and  (17)  of  my 
paper],  the    last    one    similar  in   form,   and   only  slightly 


*  To  avoid  confusion  I  have  used  the  subscript  R  to  denote  the 
number  of  an  equation  in  R  LI  LEIGH'S  memoir. 

t  O  is  the  point  at  the  center  of  the  field. 
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changed  as  to  notation,  to  that  previously  derived  by 
Michblson.  1  applied  tin' fust  id'  these,  (13),  to  the  de- 
termination of  the  correct  expressions  for  the  intensity  in 
the  images  of  short  lines  and  small  uniformly  luminous 
circular  areas.* 

When  applied  to  the  cases  of  long  lines  and  infinitely 
extended  areas  (uniform  intensity),  I  also  obtained  correct 
expressions  {i.e.,  (19)  and  (31)  of  my  paper),  but  1  too 
hastily  assumed  that  these  expressions  (in  which  the  vari- 
ables of  integration  are  x  and  y,  and  the  field  of  integration 
extends  over  the  source)  were  identical  with  the  ones  (8)R 
and  (30)K  (in  which  the  variables  are  t,  q,  and  the  field  of 
integration  the  focal  plane),  used  by  Ratleigh  for  the  cor- 
responding eases.  This  indeed  would  be  the  case,  when 
the  limits  of  integration  are  infinite,  if  the  variables  x,  y, 
were  symmetrically  involved  with  the  variables  ?,  -q  (as  at 
first  sight  they  seem  to  be),  in  the  expression  for  I2, .  A 
more  critical  inspection  of  (14),  which  expresses  the  value 
of  r  (the  variable  in  I'1,),  in  terms  of  x,  y,  £,  77,  shows  how- 
ever that  this  is  not  the  case.     The  first  two  variables  are 

f 
each  multiplied  by  a  factor,  "—   (which  may  be  termed  the 

factor  of  dissymmetry),  and  in  order  to  obtain  two  new 
variables  symmetrically  involved  with  £,  -q,  we  must  substi- 
tute 

D  D 

■  -  7  fe   i  y  =  7  * 

which  gives  us  in  (19)  and  (31)  respectively, 

X+o=  J)      /•+»  J) 

I2J  *>  =  f  jl2  *fc  =  f  (ZJ 

and  (31„) 

1%,  =    J  dx     j  P,dy  =    ~     I  dh     {  ft  drn  =  ^  (Z,„) 

and  the  integrals  (Z„)  and  (Z,,,)  are  now  respectively  equal 
to  the  integrals  (8)R  and  (30)R  of  Lord  Rayleigh. 

The  integrals  themselves  were  correctly  evaluated  in  my 
former  paper.  This  is  the  point  at  which  Prof.  Schaeberle 
falls  into  error.  His  criticism  of  this  part  of  the  work  is 
peculiar  and  difficult  to  understand.  As  near  as  I  can 
make  out  he  seems  to  think  that  in  the  integration  I'2,  was 
regarded  as  constant  and  independent  of/.  If  he  had  only 
taken  the  trouble  to  refer  back  to  equations  (3)  and  (14) 
which  express  I'2,  as  a  function  of  the  various  quantities 
involved,  he  would  have  immediately  discovered  that  it 
varies  not  only  with  x,  y,  £  and  -q,  the  variables  of  integra- 
tion (in  the  two  cases),  but  also  (as  he  insists  it  ought  to 

do),  as  — 2  (not  nearly,  but  exactly).     But  in  the  process  of 

integration  an  f2  is  introduced  in  the  numerator  which 
cancels  the    f2  in  the  denominator. 


*  These  results  were  used  in  the  application  of  the  theory  of  con- 
trasting or  "  delineating  power "  to  the  case  of  linear  markings  on 
planetary  surfaces  which  was  treated,  from  the  point  of  view  of  visual 
observations,  in  A.J.  414;  and,  from  a  photographic  point  of  view, 
in  the  Observatory  for  Aug.,  Sept.  and  Oct.,  pp.  333,  3Go,  404. 


To  recapitulate  briefly;  the  real  error  which  was  com- 
mitted in  Lord  Rayleigh's  ease  was  in  assuming  the  prin- 
ciple of  the  reversibility  of  images,  i.e.,  in  assuming 

,.+  „     p+a  /»+„     ^+c0 

J         I  P,dxdy  —  I         I  /-/  didq 

which  as  now  appears  is  only  true  when  />.  the  distance  of 
the  source,  is  equal  to  /,  the  focal  length  of  the  image- 
forming  lens;  in  my  own  case  the  error  was  a  more  purely 
analytical  (and  therefore  less  excusable)  one,  resulting  from 

fD\2 
my  overlooking  the  factor  l  -  I  which  it  becomes  neces- 
sary to  introduce  in  order  to  effect  the  transformation  of 
variables.  There  is  no  excuse  for  my  having  been  guilty 
of  a  blunder  of  this  nature,  which,  now  that  it  has  been 
pointed  out,  seems  so  perfectly  obvious.  I  may  perhaps 
say,  however,  that  it  might  have  been  detected  earlier  had 
it  not  been  for  the  fact  that  the  result  first  obtained  ex- 
plained so  perfectly  and  completely  the  practical  observa- 
tions of  Prof.  Barnard  as  to  the  relative  photographic 
efficiency  of  lenses  of  small  and  large  aperture  (or  more 
strictly  long  and  short  focal  lengths),  for  which  no  expla- 
nation had,  so  far  as  the  writer  is  aware,  previously  been 
offered.  If  "  the  best  test  of  theory  is  its  ability  to  explain 
observed  facts,"  then  the  remarkable  agreement  between 
the  actual  times  of  exposure  required  to  obtain  a  given 
photographic  result  with  different  lenses,  and  the  computed 
times  as  determined  by  the  theory  of  contrast,*  must  be  re- 
garded as  a  strong  confirmation  of  the  correctness  of  the 
theory  and  in  turn  of  the  results  on  which  it  is  based.  This 
confirmation,  coupled  with  the  confidence  inspired  by  Ray- 
leigh's  name,  and  the  fact  that  none  of  those  who  raised 
the  question  as  to  the  accuracy  of  one  of  the  fundamental 
results  (that  for  the  general  illumination  of  the  focal  field 
by  the  light  from  the  sky),  were  able  to  point  out  any  flaw 
in  the  reasoning  or  in  the  mathematical  processes  by  which 
it  was  obtained,  was  at  any  rate  sufficient  to  convince  me 
for  the  time  being  of  the  correctness  of  my  work.  And  it 
was  only  after  I  had  more  fully  investigated  the  influence 
of  a  certain  factor  (which  for  obvious  reasons  was  not  con- 
sidered in  the  preliminary  development  of  the  theory  of 
contrast),  and  found  that,  although  it  had  only  a  secondary 
importance  in  visual  work,  it  introduced  in  photographic 
work  another  term  of  the  form   —2  in  the  expressions  for 

contrast  (thus  making  the  relative  photographic  efficiency 
of  different  lenses  apparently  vary  in  the  case  of  nebular 

photography,  for  example,  as  — 4  instead  of  —2  as   actually 

found  in  practice),  that  I  was  led  to  suspect  an  error  in 
Rayleigh's  value  for  the  focal  plane  illumination,  and  to 
discover,  on  a  reinvestigation  of  the  problem  the  error  now 
pointed  out. 

*See  A.N.  3439,  100,  and  Knowledge,  August.  1897,  p.  194. 
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The  efEecl  referred  to  is  that  due  to  atmospheric  aber- 
ration. It  had  not  by  any  means  been  overlooked,  and  had 
indeed  idy  taken  into  account  in  inves 

ol    the  spi  a  ind   sped  ro- 

graph;  in  which  cases,  however,   it    is  of  no  impoi 
what.  a  that  of  the  objective-sped  roscope,  where 

it  was  fully  considered.*     It   is  likewise,  as  already  inti- 
mated, ry  importance  in  the  case  of  visual  obser- 
vations, or  in  photographic  work  in  iresare 
either  very                       instantaneous")  or  are  made  by  the 
mitten!   method"  recently  proposed  by  the  writer; 
its  principal  effect  in  such  cases  being  to  reduce  the  avail- 
able time  ol                   tag,"  or  to  limit  the  aperture  of  the 
ipe  that  can  be  used  most  efficiently.     Eence  the  ex- 
ms   given    in    my    former   paperf   for   the   contrast 
between  the  general  focal  field  and  sources  of  various  forms. 
Cases  A,  B  and  0  require  to  be  modified  by  multiplying  by 
or,  f3  (the  correct  expression  for  the  focal  plane  in- 
being  "  ..,  instead  of  --   as    first   used),   when   we 

an-  considering  the  rixtia/  t/iJlnea/iiig  //oirrr  (or  as  just 
noted  the  photographic  delineating  power  for  the  equiva- 
lent cases  of  •■  instantaneous  "  and  ••  intermittent  "  exposure  i. 
been  considered.  The  expressions 
for  the  A    the  images  of  short   lines  and  surfaces 

of  limited  area.  were,  as  already  stated,  correctly  derived, 
and  the  expressions  for  the   "contrast"   between    such   sur- 
.  and  for  the  "delineating  power"  of 
telescope  used  in  viewing  or  photographing  them  (by 
the  proposed  intermittent  method)  are  therefore  also  cor- 

*"The  Objective  Spectroscope,"  Astrophysical  Journal,  June, 
1896,  pp.  6J  64. 

■physical  Journal,  August,  1897,  pp.  134,  135. 

(See  papers  "On  the  Effect  of  the  Size  of  an  Objective  on  the 
Visibility  of  Linear  Markings  on  the  Planets,"  A.. 7.414  :  and  ••  On 
the  Photography  of  Planetary  Surfaces,"  Observatory,  Vol.  XX, 
3,  365,  404.  It  was  the  consideration  of  the  effect  of  aber- 
ration in  these  cases  (where  it  is  of  secondary  importance  as  already 
indicated),  that  first  directed  my  attention  to  the  importance  it  might 

assume  in  those  cases  in  which  the  photographic  exposure  was  1 

tinuous  and  prolonged.  But  my  attention  was  temporarily  distracted 
from  the  further  prosecution  of  the  inquiry,  first  by  1  lie  pressure  of 
work  incident  to  the  preparation  for  the  dedication  of  the  Observa- 
tory, and  then  bj  that  attending  the  determination  of  the  color-curve 
of  the  large  objective,  the  computing  of  correcting  lenses  for  the  same, 
ami  the  other  work  of  preparing  the  instruments  for  the  beginning 
of  spectroscopic  research.  1  was  therefore  only  able  to  take  it  up 
again  a  few  da 


The  expressions  for  the  "  contrast "  between  image  and 
local  field  in  cases  ol  I,  /•'  ,  and  C,  when  prolonged  photo- 
graphic exposures  are  in  question,  are  correct  as  they  stand 
in  my  former  paper.     For  the  error  introduced  by  the 

the  factor  in  the  expression  for  the  local  plane 
illumination  due  to  the  sky.  is  corrected  by  the  omission  ol 
the  corresponding  factor  ..,  representing  the  effect  of  at- 
mospheric aberration  on  the  intensity  of  the  photographic 
image.*  The  conclusions  based  upon  these  results  with 
regard  to  the  relative  photographic  efficiency,  i.e.,  photo- 
graphic delineating  power  ol  different  objectives  for  nebular 
and  stellar  spectrograph^  work,  ami  for  the  portraiture  of 
stars.  8  .  nebulas,  and  coronal  phenomena  (during 

and  without  an  eclipse),  which  were  reached  in  mj  papers 
in  the  Monthly  Notices,  R.A.S.,  dune,  L897,  pp.588,  589, 
and  in  A.N.  3439,  L08,  109,  1 10,  are  therefore  entirely  di- 
rect. One  of  the  minor  conclusions  (not  included  in  the 
summaries  just  alluded  to)  of  the  latter  paper  in  regard  to 
the  fogging  of  the  photographic  plate  bj  the  effect  of  the 
sky-illumination  is.  however,  in  error,  the  intensity  of  this 
effect  varying  as  the  square  of  the  angular  aperture  instead 
of  as  the  square  of  the  linear  aperture  as  there  stated. 

Supplementary  Note.  As  already  stated  in  a  foot-note 
at  the  beginning  of  this  paper,  I  have  jusl  received  ad- 
vance proof  sheets  of  a  note  by  Mr.  Xkw.w.i.  which  will 
appear  in  the  next  number  of  the  Monthly  Notices.  Mr. 
Nkwai.i,  ascribes  the  error  in  the  result  for  the  focal  plane 
illumination  to  another  quite  different  cause  from  that  sug- 
gested by  Prof.  Schaebeele,  the  only  point  of  resemblance 
between  their  criticisms  being  thai  both  are  correct  in  object- 
ing to  the  result,  and  both  at  fault  as  to  the  real  error 
committed  in  obtaining  it.  Mr.  X'i:w\i.i.'s  note  also  raises 
some  points  that  are  best  dealt  with  in  a  separate  communi- 
cation to  the  K. A  s. 


*  Atmospheric  aberration  produces  of  course  no  effect  in  the  in- 
tensity of  the  general  fecal  plane  illumination.  The  nature  and 
magnitude  of  its  effect  on  the  images  of  pointed  lines  and  small  finite 
ana-   is  taken   up  more  at    length   in    Part  II  of    my  paper,   on  the 

General  Theorj  of  Telescopic  Images,  which  appears  in  the  January 
number  of  the  Astrophysical  Journal,  and  to  which  the  reader  is 

referred  for  further  information. 

Terkes  Observatory,  1897  Dec.  22. 


NEW   ASTEROIDS. 

i.i.-ii  1 /.  communicates  the  discover}   of  three  new  asteroid-,  bj    Chaklois,  as  follows: 


h  1/ 

12* 

Nice  M.T. 
1897  Dec.  18  9*  29*0 

a  =    1    12™    1 

8  =   +18     0. 

Dailj  mot  ion       18  and  1 0  soul  bward 

DN 

L2.8 

Dec   L8  9  29.0 

4  47     0 

+  20    11. 

_  18    ■•       1 

J") 

12 

Dec.  18  9  29.0 

1  53  28 

+19  21. 

«         »       _.-.i;   ■•      0 
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COMET  a.  1898  =  WINNECKE'S   PERIODIC  COMET.* 

A  telegram  from  Prof.  Schaeberle  announces  the  rediscovery  of  this  comet  by  Perbine  in  the  position, 

1898  Jan.  2.0873  Gr.  M.T.         a  =   15"  I'.r  2\5         ;         8  =   -3°  .58'  34". 
Thus  the  correction  to   Hillebkand's  ephemeris,  J.J".  417,  is       la  =  +2"' 8'     ,     AS  =  — 9'.3.       Applying  this 
correction  to  the   extension   of    Hillebrand's  ephemeris,  A.N.  3447,  we  have  the  following  approximately  corrected 
ephemeris : 

Berlin  M.T.  a  8 

1898  Jan.    G.5         Ll'Vi'"  l"        -5°    1.6 
10.5         15  50     6         -5  58.6 
14.5         16     5  48         -6  55.4 
which  will  serve  until  a  better  one  can  be  supplied. — Ed. 

A  new  ephemeris  will  be  found  immediately  following 


Berlin  M.T. 

a 

8 

1808  .Ian.  IS. 5 

10  22     8 

-7  51.4 

22.5 

16  .'50     7 

-8  46.3 

26.5 

10  56  44 

-9  39.6 

*  From  Supplement  to  No.  423. 


EPHEMERIS   OF   WINNECKE'S   COMET  =  cl  1898. 


Perrine's  observations  below  have  been  used  to  correct 
the  time  of  perihelion  passage,  using  von  Haerdtl's  ele- 
ments.    We  find 

AT  =  -0.00786  Ja  cos 8  and  +0.00109  J  8, 
where  Ja  and  J8  are  expressed  in  seconds  of  time  and  arc, 
respectively.  Thus  we  get  T  =  1898  Mar.  20.392  Gr.  M.T., 
and  this  and  the  other  elements  given  below  represent 
Perrine's  observations  in  both  coordinates  within  the  error 
of  observation;  O  — C  being  — 08.06  and  — 0".2. 

Elements. 
T  =  1898  Mar.  20.392  Gr.  M.T. 

w  =   173°  21  lo'o) 
Q,    =   100  51  45.5  [■  1898.0 
i  =     16  59  34.0  ) 
loge  =   9.854161 
log  a  =   0.510521 


Eph 

•;meris 

for  Greenwich   ^ 

IDNKill' 

1898 

App.  a 

App.  8 

log  A 

J  an 

14.5 

10 

6 

4.98 

-   6 

55 

24.5 

0.2015 

10.5 

14 

13.20 

7 

23 

30.1 

18.5 

22 

30.95 

7 

51 

21.0 

0.1912 

20.5 

30 

58.35 

8 

18 

53.7 

22.5 

39 

35.37 

8 

46 

4.4 

0.1  SI  12 

24.5 

48 

21.97 

9 

12 

49.2 

26.5 

10 

57 

18.02 

9 

39 

3.5 

0.1701 

2S.5 

17 

6 

23.42 

10 

4 

12. 0 

30.5 

15 

38.03 

10 

29 

41.8 

0.1608 

Feb 

1.5 

25 

1 .63 

10 

'<y, 

50.4 

3.5 

34 

33.95 

11 

17 

21.0 

0.1527 

5.5 

44 

1  1.00 

11 

39 

50.2 

7.5 

17 

54 

3.34 

-12 

1 

IS.  5 

0.1457 
Ed 

OBSEKVATIONS   OF  WINNECKE'S   COMET  =  cl  1898, 

MADE    WITH   THE   30-INCH    EQUATORIAL   OF   THE   LICK    OBSERVATORY,    UNIVERSITY    OF    CALIFORNIA, 

By  C.  D.   PERRINE. 


189S  Mt.  Hamilton  M.T. 

* 

No. 

#- 

-* 

er's  apparent 

l<ii;  //A 

t  omp. 

Aa. 

Al 

a 

§ 

for  a 

for  8 

Jan.  1 

h       in       s 

17     4  44 

1 

d  2 

-o'"  175 

'       " 

15  18  53.97 

O            /            (• 

&9.573 

1 

17  56  16 

1 

o 

+0  33.7 

-3  58  32.6 

0.757 

1 

17  59     7 

1 

,1  :; 

+  0     0.79 

15  19     2.51 

n9.462 

•> 

10   20   11 

2 

d  3 

-0  12.04 

15  22  22.00 

V.1.012 

2 

16  35  29 

2 

2 

+  o  19.2 

-4  12      1  5 

0.717 

2 

16  54  15 

•  > 

d\0  .  s 

-o     9.58 

+  0  11.5 

15  22  26.35 

—  4  12  12.2 

»9.585 

0.750 

3 

17  29  44 

4 

rflO  ,  8 

-0     6.10 

-0  10.4 

15  26     8.82 

-4  26  51.8 

w9.522 

0.757 

Mean  Places  for  1898.0  of  Comparison- Stars. 


i;<'ii.  in 

8 

Red.  in 

* 

a 

app.  place 

app.  place 

Aulli 

jrity 

1 

15  18  55.59 

+  013 

-3  58  58.6 

-7.7 

Munich  (2)  5704 

2 

15  22  35.79 

+  0.1  1 

-4  12  16.0 

—  7.7 

M  icrometer-comparison 

with  *3 

3 

15  23  47.57 

+  0.14 

-4  14  59.7 

-7.6 

Weisse's  Bessel  397 

4 

15  26  14.76 

+  0.10 

-4  26  33.7 

—  7.7 

Micrometer-comparison 

with  >(c5 

5 

15  25  37.86 

+  0.16 

-4  26  28.6 

—  7.7 

Weisse's  Bessel  426 

d  indicates  that  Ja  was  measured  directly  with  the  micrometer. 

The  comet  is  very  faint,  about  10"  to  15"  diameter,  with  a  slight  brightening  at  the  center. 
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ANDERSON'S    NEW    VARIABLE    IN    COMA    BERENICES*, 

la   .  ■ 


(1865)     ;    12  -       (1000), 

H\   J.  A.  PARKHUES1 


Ajtoerson  announced  this  star  in  J.A". .".  I.'i.'l.     I  ha 
following  observations  which  seem  to  confirm  its  variability  : 


1897  \    j. 


1 

L0.7 

Ang. 

^»7 

1  l .:. 

3 

10.8 

29 

1  1.6 

6 

10.7 

Sept 

:: 

11.7 

11 

11.1 

L2 

<11 

i:; 

11.1 

14 

1    1     ^ 

1 1 

11.2 

Oct. 

8 

<11 

L9 

11.1 

05 

11.2 

20 

l  L.3 

Dec 

31 

9.5 

24 

11.1 

The  magnitudes  are  only  approximate,  and  depend  chiefly 
on  my  comparison-stars  e  and  -•.  which  have  the  following 
magnitudes  and  coordinates  from  the  variable: 
e     +60'.o     -12'.2     10M.0  c     +9'.9     -t-4'.5     11M.."» 

The  position  of  the  variable  was  given  in  A.J.  412;  and 

a  small  chart  with  the  coordinates  of  the  comparison-stars 

will  be  found  in  /'(-//»/'//■  Astronomy  for  Sept.,  1897,  p.  270. 

*ln  consequence  of  this  confirmation  bj  Parkhi  bst  the  defini- 
tive notation,  4471  T  Canum  Venaticorum,  is  herewith  assigned  to 
this  star,  which  distinctly  lies  within  the  constellation  Canes  Venatici, 
and  not  in  Coma  Berenices,  to  which  it  has  hitherto  been  ascribed. 

ED. 


MEASURES   OF    SIIUUS,    PjROCYOJT,  AND   ,8395, 

Bl    K.   <;.    A1TKKN. 

is  were  made  with  the  36-inch  tele- 

iry.     For  Sirius  ami  Prooyon  apower 

i.t  ."en  was  used;  for  (i •">!*">  a  power  of  1500;  and  all  the 

ade  under  excellent  conditions.     Passing 

clouds  prevented  a  measure  nf  distance  of  the  companion 

'.us  on  the  last  night. 


Sirius. 

Date 

Position  Angle 

Distance 

Weighl 

L897.731 

175.9 

3.92 

in 

.756 

171   1 

1.04 

5 

.838 

1  75.8 

1.11 

in 

.915 

172.8 

10 

171.7 


1.03 


Proeyon. 

Date 

Position  Angle 

Distance 

Weig 

1897.838 

321.7 

LSI 

1t) 

.876 

324.8 

4.67 

10 

.915 

324.8 

1  .V.i 

lu 

L897.88 

323.8 
,3395. 

4.70 

o 

tt 

1897.909 

273.1 

0.25 

8 

.912 

273.6 

0.25 

10 

.932 

274. 4 

0.30 

10 

1897.92  273.7  0.27 

Lick  Observatory,  University  of  California,  1807  Dec.  31. 
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Referring  to  the  notice  on  p.  8  (A.J.  109)  the  Editor  regrets  to  announce  the  still   further  depletion  of  the  stock 
mailable  copies  ol   Volume   1.  which    is    no   longer  obtainable  complete;  but    incomplete   copies   ran  still    be  fur- 
nished   as  follows,  if  promptly  ordered:    Four   numbers    missing  nms.  1.  I.  •">  and  (1),  at  >>'.>. <>(>;    five    muuhers  missing 
!.  .".,  t  .">  and  6),  at  $7.50;  sis  numbers  missing  (nos.  1.  2,  •">,  4.  5  and  6),  at  $6.00. 
lining  volumes  may   still   he  obtained  as  follows: 

Volumes      II   to      VI,  complete,  i  $4.50 

VI 1   to  XVI.         ••  »  $3.75 

rs  who  desire  to  complete  their  sets  will  do  well  to  give  the  subject  prompt  attention.     Further  informa- 
tion '-an  be  obtained  by  correspondence  with  the  Editor.     Address  S.  ('.  Chandler,  16  Craigie  St..  Cambridge,  Mass. 
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No.  of 

.Mean  e1 — e 

Year 

Computers 

for  Computers 

1890 

5 

+  0.124 

1892 

5 

+0.064 

L893 

9 

+0.083 

1S94 

6 

+  0.132 

THE  TWO-METHOD  PERSONAL  EQUATIONS  OF  THE  GREENWICH  OBSERVERS, 

By  TRUMAN   HENRY   SAFFORD. 

The  tables  which  Follow  contain  the  results  of  an  investi- 
gation carried  on  at  Greenwich  since  1885  up  to  1894,  the 
last  year  when  results  are  published. 

By  e  [denote  the  ordinary  chronoguaphic  personal  equation 
as  computed  from  year  to  year,  by  <■'  the  eye-and-ear  personal 
equation  for  the  observers  who  were  in  charge  of  the  tran- 
sit circle.  Both  e'  and  e  are  referred  to  the  chronographic 
registration  of  a  standard  observer,  Mr.  Downing  from 
L885  to  1891  inclusive,  and  Mr.  Lewis  since.  For  L891 
Mr.  Downing  served  as  standard  observer  for  the  eye-and- 
ear  personal  equation  only,  and  Mr.  Lewis  for  the  chrono- 
graphic. When  e  or  e'  is  positive  the  observer  anticipates 
the  standard  observer.  The  quantity  e'—e  then  will  be 
(when  positive)  the  amount  of  time  by  which  each  observer 
anticipates  his  own  chronographic  transits. 

After  forming  the  table  of  e'—e  the  mean  value  of  this 
quantity  was  taken  for  the  ten  years,  giving  each  observer 
for  the  year  equal  weight.  The  results  of  this  process  are 
as  follows : 


No.  of 

No.  of 

fear 

Obs. 

Mean  e' — e 

Year 

Obs. 

Mean  e' — 

L885 

5 

+  0.158 

1890 

9 

+  0.163 

L886 

5 

+0.174 

IN'.  11 

K 

+  0.122 

.887 

5 

+  0.170 

1892 

10 

+0.165 

sss 

5 

+0.212 

1893 

15 

+  0.12.-) 

889 

5 

+  0.162 

1894 

10 

+  0.102 

The  five  observers,  H.  T.,  A.  D.,  T.,  L.,  and  H.,  are  the 
■only  ones  tested  in  1885  to  1889  inclusive,  and  in  1891. 
They  are  very  skilful  and  experienced.  In  1S90,  and  L892 
to  1894  inclusive,  a  number  of  the  "computers"  are  so 
•tested  together  with  some  younger  assistants.  It  is  diffi- 
cult to  make  a  distinction  between  the  two  classes  of  assist- 
ants and  "computers"  which  shall  not  quite  possibly  place 
men  of  equal  experience  as  observers  in  two  different 
classes.  But  it  seems  to  me  perfectly  safe  to  find  the  mean 
values  of  e'—e  for  the  computers  separately.  This  I  have 
done  for  the  four  years  as  follows : 


The  general  mean  of  the  ten  years,  giving  each  year 
equal  weight,  is  +0.161,  including  all  the  observers,  and 
the  same  for  the  four  years  in  which  computers  are  included 
is  +0S.101  for  computers  only.  On  the  other  side  the 
mean  for  1885  to  1889  and  1891  is  +0M66  for  the  five 
assistants,  H.  T.,  A.  D.,  T.,  L.,  and  H.  ;  and  this  quantity 
is  so  much  larger  than  the  mean  e'—e  for  computers  for  any 
one  of  the  four  years  in  which  computers  were  tested,  that 
there  can  be  little  doubt  that  the  difference  represents  a  real 
quantity.  In  other  words,  for  the  five  experienced  observers 
the  mean  e'—e  is  0*.065  greater  than  for  the  seven  com- 
puters. If  we  take  the  ten  separate  yearly  means  for  all 
as  quantities  varying  by  accidental  causes  and  subject  to 
Gauss's  law  of  errors,  we  find  the  mean  error  of  a  single 
year  to  be  ±08.025,  and  of  the  ten  years  ±O'.0OS.  The 
probable  error  would  be  ±08.017  for  one  year,  calculated  by 
0.6745  X  mean  error,  and  ±  0s. 01 4  calculated  by  the  sum  of 
discrepancies  from  0".161;    or  ±0'.005  for  the  ten  years. 

I  have  elsewhere  given  reasons  for  thinking  that  the 
quantity  0".l  62  ±0".005,  by  which  an  average  observer  at 
Greenwich  anticipates  his  own  chronographic  times  of  tran- 
sit, indicates  that  the  observers'  personal  equations  are 
due  to  psychical  causes,  and  that  this  calculation  confirms 
Wundt's  theory  of  personal  equation  by  the  two  methods. 
The  principal  factor  in  the  eye-and-ear  personal  equation  is 
" Zeitnerschiebung,"  or  "displacement  of  time"  when  the 
observer  attempts  to  fix  the  place  of  the  star  at  the  beats. 
No  sufficient  reason  has  been  yet  shown  why  this  displace- 
ment should  vary  with  the  magnitude  of  the  star  in  a  way 
different  from  that  which  Argelander  experienced ;  namely, 
a  reversal  in  sign  of  the  displacement  when  the  star  is  so 
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faint  that  its  observatio  difficulty  in  following  it 

from  second  to  second.     Hence  the  evidence  in  favor  oi  a 

sgleichung"  for  bhe  eye-and-ear  method  is  more 

•  conflicting  in  differenl  cases,  and  not   readily 
marized  without  more  details  than  are  yet  available.    Again, 
for  stars   bright   enough  to  be  readilj   observed,  it   seems 
likely  that  such  Helligkettsgleichung  ran  be  reduced  to  a 
verj  small  amount,  as  at    Pulkowa  in  Romberg's  observa- 
tions.    But  on  the  other  hand  the  evidence  for  the  vat 
with  magnitude  in  chronographic  registration  is  nun' 
consistent  and  uniform,  and  is  confirmed  by  the  similar  in- 
fluence  found  by  psychologists  on  the  time  of  reaction  to  a 
faint  impres  lelay  due  to  the  fain 

eneral  conclusion  as  to  the  eye-and-ear  method  which 
can  be  derived  from  the  yearly  means  of  e'—e  is  that,  on 
the  whole,  it  produces  times  of  transit  which,  for  th< 

iserver  oi  sufficient  experience,  are  within  a  verj  few 
hundredths  of  a  second  of  the  truth  ;  but  that  the  chrono- 
graphi  tnilar  times  which  are  too  late 

on  the  average  by  the  reaction-time,   rather  more  than  a 
tenth  of  a  second.     I  must  deter  to  another  occasion  the 
dies  which  1  have  made  into  the  eye-and- 

ersonal  equation  as  obtained  by  the  observatii 
17ol  to  185$)  at   various  observatories ;  studies  which  have 
produced  approximate  results,  but  are  still  incomplete. 

The  two-method  equations  for  A.  1  >.  ami  I,.,  as  given  above, 
indicate  that  both  astronomers  obsen  ed  bj  ej  e-and-ear  with 
very  little  constant  error.  The  mean  e'—e  for  A.l>.  is 
0U23  for  seven  years,  L885  1891,  and  for  L.  OM  13  for  nine 
years,  L885  L891  and  1892  3;  or  for  the  mean  of  the  two 
0*.133,  agreeing  nearly  with  what  we  may  suppose  is  the 
normal  amount.  For  both  standard  observers  the  tun- 
method  equation  is  less  than  the  general  average,  and  more 
than  it  is  for  the  a  inter. 

The  values  of   e,   the  chronographic    p  equation 

standard    observer,  show  in  some  cases  a 
considerable  negative  value.      In  one  oi  these  cases  the  ob- 
Method  I!  (see  A.J.369);   and.  if  the  pro- 
cess of  the   other  observers    who    exhibit   these    negative 
value-  of  psychological  identification  with  that 

ot    II  .  a   point  would  be  gained  in  the-  theorj  of  personal 
equation  generally. 

Wi\  Observatory,  1898  Jan.  6. 


Year 

1  885. 

Sfear 

1891. 

Obs. 

e 

e' 

c' — e 

Obs. 

e 

e' 

. '    i 

II.  T. 

iol  :, 

1  (Ul 

mil 

Il.T. 

t    (Mill 

+0*09 

0*00 

\.  D. 

0.00 

+0.06 

-i  0.06 

A.  D. 

o.oo 

•  II  is 

+  o.ls 

T. 

+11.11) 

0  19 

+  0.09 

T. 

+  0.1.". 

I  no '.i 

0.06 

1.. 

t  0.08 

1  0.06 

1.. 

+  0.10 

•   (MO 

■  0.09 

II. 

0.23 

1  0.39 

II. 

0.1  l 

+  O.L'0 

+0.40 

Sear 

IsSO. 

L. 

Zear 

0.0(1 

ISO!'. 

•  0.19 

+  O.10 

Il.T. 

+0.15 

•  0.20 

I  0.05 

II. 

0.21 

+0.27 

+  o.  is 

A.  |). 

o.oo 

+  0.08 

A.C.* 

+  0.02 

+  o.L'L' 

+  o.i'o 

T. 

+0.13 

+0.15 

1  0.02 

B. 

hO.12 

+0.19 

+  0.07 

L. 

1  0.01 

1  0.1  1 

+0.13 

T.  II. 

-0.04 

+  o.;;.-, 

+0.39 

II. 

0.23 

+0.36 

-f  0.59 

S.I). 

+  0.01 

+0.13 

+0.12 

\   <■   1! 

1887. 

11.  I\ 

0.13 

+  O.01 

+  0.1  1 

<'.  M. 

+  0.O7 

+  0.11 

+  0.O-I 

Il.T. 

+0.12 

•  ul,; 

+  O.OI 

('.  1>. 

-0.02 

|   on) 

+  0.00 

A.  I». 

0.00 

+  0.O7 

+  0.07 

1 ).  E. 

f-0.13 

t  11.00 

ii.nl 

T. 

+0.12 

+0.15 

+0.03 

I.. 

+0.03 

1  0.16 

+0.13 

Year  1893. 

II. 

0.22 

•  0.36 

Il.T. 

+  O.OI 

+  O.10 

+  0.1S 

L. 

0.00 

}  0.20 

1-0.21 1 

Y  ar  is 

II. 

-0.20 

+0.24 

+0.44 

Il.T. 

+0.08 

+0.12 

•  0.04 

LC« 

0.02 

|  0.08 

+  0.10 

\.  D. 

0.00 

+  0.20 

+0.20 

B. 

+  0.07 

+  0.00 

0.01 

1' 

+0.16 

+  0.09 

T.  II. 

-0.14 

+  O.OS 

+0.22 

L. 

|-0.(  15 

+0.24 

+  O.10 

II.  F. 

o.ls 

+  0.02 

+0.20 

II. 

-0.22 

f-0.32 

+0.54 

\   \1. 

-0.09 

0.00 

+  0.00 

C.  M. 

(1.0(1 

+  0.00 

+  0.00 

"i  ea: 

L889. 

CD. 

0.04 

+  o.o.-, 

+  0.09 

II   T 

+0.09 

+  0.17 

-  0.08 

R.C. 

-0.03 

+  0.00 

+  0.00 

A.  D. 

o.oo 

+0.12 

+  0.12 

D.  E. 

+  0.0.-, 

+  0.1S 

+0.13 

T. 

+  H.11 

+  0.07 

-0.04 

W.B. 

+  0.11' 

+  O.10 

+  O.OI 

L. 

+0.05 

(-0.20 

fO.lo 

.1. 

+  0.01 

!  0.09 

+  o.i  is 

II. 

-0.21 

+0.29 

+  0.50 

O.T. 

o.oo 

^  ear 

-0.03 
1894. 

-0.03 

5  eat 

is;  io. 

I). 

+  0.01 

+  0.22 

+  0.21 

H.T. 

-  0.03 

+  0.07 

+  0.(11 

II. 

-0.23 

+0.24 

+  0.-17 

A.D. 

0.00 

+0.15 

+0.15 

\ .c  • 

-0.03 

+  0.00 

+  0.00 

L. 

+  0.07 

+0.22 

+0.15 

B. 

0.00 

+  0.00 

+  0.00 

11. 

-0.20 

+0.31 

+  0..-.1 

11. 1". 

-0.19 

+  0.0.-, 

1  0.22 

S.D. 

+  O.I1 

+0.02 

0.09 

CD. 

-o.o7 

+0.05 

+0.12 

AC. 

+  0.04 

+  o.:;.-, 

+0.31 

I ).  E. 

-0.02 

+  0.10 

i  0.12 

w.i; 

-0.O4 

+  0.08 

r-0.12 

\Y.  B. 

+  0.05 

+  0.11 

+  0.00 

Hi-. 

-0.01 

+  O.10 

+  0.17 

.1. 

+  o.o.-, 

+0.28 

+0.23 

A.M. 

0.00 

+  0.11 

+  0.11 

( ».  T. 

-0.04 

o.oo 

f  li.nl 

The  assistants  are  ILL.  A.D.,  'I'.,  I...  II.,  A.<  ..  of  lsirj,  is<i:;.  ami 
L894,  1".  II.  H..  I>..  but  in  1890  the  initials  \  '  .  stand  tor  another, 
Cochrane,  a  computer;  the  assistant  A..C*  is  Crouuslin;  the 
other  initials  denote  computers. 


NOTES   ox    VARIABLE   STARS, 

By   HENRY   M.    P  LRKHUEST. 
Intermediate  Caps.     In  observing  with  the  lull  api 
i.l../.  326  and  333),  the  standards,  observed  with  the  loga- 
rithmic cap.  were  necessarily  so  bright    as   to  reduce  the 
aperture  to  a  rapidly  ■  segment.     In   1897    No- 

vember I  constructed  an  intermediate  cap,  with  which  can 
ban  with  the  logarithms 


Xo.  22, 


making  the  standards  for  the  full  aperture  observable  before 
the  occulting  line  has  passed  beyond  the  center  of  the 
circle:  thus  increasing  the  number  observed  with  a  nearly 
uniform  diminution,  and  increasing  the  accuracy  of  the 
standard  for  the  remaining  stars.  The  intermediate  cap 
exposes  at  the  left  a  segment  .75-inch  deep,  at  the  right  a 
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segment  2.1  inches  deep;  and  the  bounding  lines  of  bhe 
intermediate  section  are  straight  lines.  The  (able  for 
reduction  shows,  for  two-thirds  of  the  aperture  comprised 
between  these  straight  lines,  a  scale  approximately  uniform. 
A  second  intermediate  cap,  with  the  same  initial  and  final 
segments,  reduces  the  width  at  the  final  line  to  one  inch ; 
and  with  this  cap  the  same  uniformity  of  scale  is  continued 
throughout. 


T  Sagittarii.     The    periods   suggested  in    A.J.  .".07.  and 
393,  for  the  purpose  of  explaining  the  maxima  taken  as 

epochs  in  the  Firsl  and  Second  <  latalogues,  are tradicted, 

and  the  period  of  384  days  confirmed.     Dividing  by  two, 
making  bhe  epoch  2402864,  the  period  191.3  days  (m 
M—  in  =  58  days  i.  harmonizes  all  these  observal  ions,  excepl 
those  in  A.J.  393,  and  the  principal  maximum  of  this  year, 
which  remain  unaccounted  for. 


V.  ESI  i.ts    OF    <  »i;>i:i.'\  A.TIONS. 

Obsen 

«'il  Dale 

No. 

Star 

Phase 

Julian 

Calendar 

E 

(  iTi'. 

w 

Mag. 

Fac 

Ol'S 

Remarks 

i' 

a 

6888 

/,'  II'  Sagittarii 

Max. 

1170 

Sept.    2 

- 

- 

8p 

9.8 

1.8 

2.2 

65 

Accidentally  omitted,  A.J,  i_i 

6892 

li.X  Sagittarii 

Max. 

uoo 

June 

- 

- 

2p 

- 

- 

- 

- 

"               "           "       " 

6903 

T  Sagittarii 

Max. A 

1 1 52 

Aug.  15 

<> 

O 

5 

8.5 

- 

_ 

_ 

Sue  note  above 

« 

•• 

Max.B 

1 1  77. 

Sept.    7 

2 

+  2:; 

9 

7. so 

0.21 

0.27 

9 

6905 

/,'  Sagittarii 

Max. 

KISS 

.lime   12 

12 

-  8 

3 

7,1 

- 

- 

_ 

Agrees  Willi  previous  years 

6923 

S  Sagittarii 

Max. 

II  01 

Aug.   27 

49 

—  5 

8 

10.31 

(1.1  1 

0.25 

C 

6940 

I      l.ijnir 

- 

- 

- 

- 

- 

- 

- 

_ 

- 

- 

See  note  below 

71  is 

X  A' i nil iw 

Max. 

1077 

June     1 

4 

-   5 

1 

_ 

- 

_ 

_ 

Secondarj  max.  1  wo  »  eeks  later 

7139 

lili  Sagittarii 

Min. 

3890 

Nov.  26 

6 

- 

E 

- 

- 

- 

- 

1896 

» 

" 

Min. 

1228 

Oct.    30 

7 

- 

E 

- 

- 

_ 

_ 

1S97 

7 1 55 

/;/,'  Aquilae 

Max. 

11  00 

July     3 

2 

—  73 

7 

L0.27 

0.36 

0.S4 

23 

Period  367  days '.' 

71(12 

It  S  Aquilae 

Max. 

1 1 85 

Sept.  17 

_ 

- 

9 

o.ss 

0.72 

0.59 

15 

Tends  to  confirm  per.,  A.J.  393 

71':;  1 

/,'   Capricorni 

Max. 

410.-. 

Aug.  28 

40 

-25 

2 

11.4 

- 

- 

- 

Possibly  earlier 

7210 

M  Y  Cygni 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

See  note  below 

7242 

S  Aijllilur 

Max. 

4193 

Sept.  25 

79 

+51 

8 

9.22 

0.77 

0.7:: 

27 

" 

Min. 

41-7,7 

Nov.  28 

80 

+  40 

9 

1(1.01 

0.96 

o.so 

33 

727.2 

W  Capricorni 

Max. 

4149 

Aug.  12 

44 

+  23 

9 

1 1 .38 

0.35 

0.42 

16 

See  note  below 

7260 

Z  Aquilae 

Min. 

1089 

June  13 

8 

- 

E 

12.5] 

- 

- 

- 

Adopting  time  from  A.J.  393 

" 

a 

Max. 

4147.4 

Aug.  10 

8 

-10 

9 

9.70 

0.36 

0.70 

14 

Interval  seems  130  days 

» 

" 

Max. 

4150 

Aug.  13 

8 

—   7 

6p 

9.8 

- 

- 

- 

" 

" 

Min. 

4212 

Oct.    11 

9 

—  7 

5 

13.6 

0.75 

0.07 

83 

Not  seen  for  50  days 

7261 

7?  Delphini 

Max. 

4047.3 

Aug.  10 

41 

—33 

9 

8.05 

0.25 

0.25 

6 

Corr.  diminishing  again 

7351 

RW  Cygni 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Changes  slow  and  slight 

7404 

11  Microscop. 

Min. 

3863 

Oct.    30 

3 

- 

E 

- 

- 

- 

- 

1896 

« 

« 

Max. 

1215 

Oct.    17 

5 

+  11 

9 

9.18 

0.60 

0.61 

21' 

1897 

74:;  1 

S  Delph  i>i  i 

Max. 

1270 

Dec.    17 

42 

0 

9 

0.S1 

1.0.0 

l.ol 

24 

7435 

Y  Aqvarii 

Min. 

I2IO: 

Nov. 

- 

- 

- 

13] 

- 

- 

- 

Fluctuation 

7  us 

If"  Aquarii 

Min. 

3793  : 

Aug.  21 

8 

- 

E 

- 

- 

- 

Invisible  five  months  1896 

a 

« 

Max. 

3973 

Feb.    17 

8 

- 

E 

- 

- 

- 

- 

Prob.  more  than  30  days  late 

7450 

/'  Aquarii 

Max. 

4160 

Aug.  2;; 

10 

- 

E 

- 

- 

- 

- 

No  appreciable  change 

7  155 

/'  <  'apricorni 

Max. 

4133 

Julv    27 

72 

-  1 

3 

lo.oo 

- 

0.42 

- 

.See  note  below 

7456 

lili   ( 'i/'jni 

Max. 

12: 11 

Nov.     2 

21 

- 

E 

0.00 

- 

- 

- 

Uncertain  fluctuation 

Individual  Observation 

Including  Observations  by  Aktiiuh  C, 


6888  RW  Sagittarii. 

(Continued  from  421.) 
Julian     Calendar       .May. 

IO.Ip 

IO.Ip 

9.8p 

IO.Ip 

9.8p 

0.7  p 

9.7p 

IO.Ip 

IO.Ip 


4102.7 

June 

20 

11  15.6 

July 

0 

41  28. 7 

22 

11  L0.6 

Aug. 

3 

I17.7.0. 

20 

1107.0 

28 

-1172.0 

Sept. 

4 

12  17..  7. 

Oct. 

17 

Ill' 1.7. 

26 

6892  RX  Sagittarii. 

(Continued  from  421.) 
Julian    Calendar      -Mag. 


1101'  7  .rune  I'O 
4115.6  Julv  0 
4128.6  '  22 
II  lo.O  An.'.  3 
4142.6  7. 

117.7.0  20 

4165.6 
4172.6  Sept. 
4224.5  Oct. 


:;  dates 


9.8p 

9.8p 

22    10.4P 

:;    ll.li' 

7,  11.li' 
20  11.8P 
28    12.0P 

4  to 
26    12.]p 


6903  T  Sagittarii. 

(Continued  from  3911.) 
Julian     Calendar 


4078.7 
4101.6 

I  ll'S. 7 
4137.6 
4140.7 
4142.6 
4150.6 
4  1  7.7.7. 
4157.6 

117,'.)..-, 


June    2 

27, 
July  22 

Aug 


:;i 


Mag. 

US 
10.0 

9.9p 

0.7,7,. 
0.7,1' 
0.1 1' 

s.;,o„ 
s.oo.. 
8.8p 
8.02.. 


Perky. 

6903 

/'  Sagitt. 

Julian 

( lalendar 

1101.0 

Aug.  2  1 

4165.6 

28 

lies..-, 

31 

noo.o 

Sept.    1 

1170.7, 

2 

1171.0 

3 

1172.0 

4 

1172.0 

4 

1177.0 

9 

4  1  78. 7, 

10 

4182.5 

1  1 

-cont. 
Mag. 

8.7p 
8.5p 
8.36 
8.46i 
8.12, 
8.29.' 
7  72 
S.7,1- 
7.S7, 

8.01, 
8.38! 


6903  T  Sagitt.  - 

-cont. 

Julian    Calendar 

Ma,. 

4183.5  Sept.  L5 

8.07 

4186.5            18 

7.  SO 

4189.5            21 

s.:;i 

1193.5            27, 

8.24 

410.V7,              27 

S.OO 

4215.5  Oct.    17 

8.3p 

111  1.7,               20 

8.7p 

C,'.io7,  /,'  Sagittarii. 

(Continued  from 

893. 

407S.7  June    2 

s:^ 
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6905  A' 

Julian    Calendar      M.,_. 


L090.7 
1094.7 
H02.7 
H15.6 
H28.7 
11  LO.7 


L8 

26 

July    9 
...» 

Aug.    3 


7.1 
7.s 
7.4p 

8.0p 
8.4f 


7139  RR  s 
Julian    Calendar      Mag. 

H70.6  Sepl 
L186.6 

1215.5 


1224.5 


692]    S  - 

H61.6 
H62.6 

H65.6  28 

H66.5  29 

4167.6  30 

31 
H70.5  - 
117  L.6 


6940  V  Lyn 

3159.5  Nov.  26 

3178.5  Dei  .   15 
3188.5 
3194.5  31 


9.9 
L0.41 

L0.59 
L0.46 
L0.40 
L0.52 
10.69! 


10.4 
is     L1.0 

25  11.1 
17     11.6 

26  Ll.57 


1241.5  Nov.  12    LI] 
7  L55  RR  Aquilae. 

Cont  rromS98.<  omp.SUr8S9S 


in. , .,   June    1 


1087  7 
1094.7 
1099.7 
H02.6 
H03.6 

6  July 
inn. 

U15.6 
L136.6 


II 


L2.3 

l  L.6 


3195.5  Jan.     1 

3327.6  M:>\  L3 
3419.6  \    -    13 

3451.6  Sept.  1  I 
3484.5  Ocl  L7 
3510.5  N  l- 
3513.5  L5 
3519.5  21 
3520.5  22 
3539.5  Dec.   1  1 

3543.5  L5 

3712.7  June    1 

3742.6  July  1 
3858  5  Oct.  25 
3859.5  26 
3867.5  ' 
3925.5  Dec.  31 

H06.6 

4165.5  Aug.  28 

1211.6  Oct.  L3 
1282.5  Dec    23 


in. 7  : 
ln.7  : 
L0.5 

in. I 

ln.7. 
in.:, 
in,", 
in.:.' 

10.1* 

10.8 

in. 71'. 
lo.7.-." 
L0.79 
1 1 .'-' 
L0.69 

11.1 

ii.:; 

ion 

L0.88 

lo.do. 

L0.97 

L0.24 
L0.59 

in. In 
ii  i,-;  i 


L8  L0.7 

23  L0.2 

26  L0.94 

27  L0.26 
2  L0.32 
5  L0.25 
'.i  in:;.; 

30  L1.25 


7240  /,' 
Julian 

3195.5 
33^7.6 
3423.5 
3459.6 
3481  5 
'  3510.5 
3519.5 
3540.5 
3543.6 

3712.7 
3742.6 

3862.5 
3866.5 
3925.5 

1106.6 
1165.6 

ii' I  I.e. 
L282.5 


7162  RSAqu 
nued  from 


.Inn.'      I 

26 


1077.7 

11 01'. 7 

H38.7    \: 

11  in  r. 

II. v.i.c 

H64.5 

L166.6 

L169.6  Sepl 

L172.6 

H82.6 

L183.6 

L186.5 

4192.5 

L193.5 

H96.5 

I -.'oo,-, 

L206.5 


0c1 


ilae. 

L3.6 
13.9] 
L2.0 
L1.52, 

11.1 
L0.27, 

lo.:,7. 
in.n'.i 
ln.117. 
1 1 '  2 1 
9.73i 
9.76i 
L0.25] 
L0.06 

1(1.10 

L0.25 

10.G0 


i  lalendar 

■  i  I 

Maj    L3 

Oct.  17 
Nov.   L2 

21 
Dei      1 2 

15 

June  1 
July  1 
Oct.  25 
29 
Nov.  2 
Dec.    31 

l-.'T 

June  30 

Ocl  L3 
Dec.   23 


Mag. 

9.9 
9.6 
8.7 

8.5 

8.5 
9.90 


8.3 

S.7 
9.73, 

'.Mil 

9.71, 
9.72, 
9.87J 

9.84, 


7260  Z  Aquilae. 
Julian    Calendar      Mag. 

L078.7  June    2 
1094.7  L8 

H02.7  26 

lln>  6  J 
H28.6  22 


\SX 


7242  S  Aquilae. 


ril8  X  Aquilae. 

< 


1077.7 
1078.6 
L087  ''. 
L090.6 
L091.6 

L102.6 


11 
1  1 
L5 
22 
26 


8.94 
9.2S 

'.Us 


7234    W  Caprieorni. 

Continued  fror 

H65.6  &.ug.  28  I  1   10 

U66.6  29  II.:.  I 

H70.6  Sept.    2  11.60, 

lis:;..-,  15  L1.69 

llsr,,-,  is  ii.:,:. 

II  v.i,-,  21  Ll.57, 

H92.5         -i    n.:.-; 

L195.5  27     Ll.68, 

7240  RT  Cygni. 


7139  RR  Sagittarii. 

381  L.6  Sept.  11     L0.5 
30    lo.7 


L121.6  July  L5 

1128.7  22 

4140.7    \ 

4142.6 

L157.6 

L161.6 

H65.6 

H72.6  Sepl 

1171,-, 

H82.6 

L189.5 

H94.5 

1200.5  Ocl 

1201.5 

1210.6 

4215.5 

1221.5 

L225.5 

L229.5 

L232.5   Noa 

1247.5 

L252.5 

L256.5 

L270.5   Dec. 

4278.5 

1283.5 


3155.6  Nov.  22 
3160.5  27 

3167.5  Dec.     4 
3169.5 
3178.5 

3180.5  1 

3185.5  2 


8.6 

L0.12 

9.71, 

6     lo.lo. 

1.-,    L0.32, 

lo.ln 

inns 


111 

10 
9. 

9 

in 
in 

10. 

'.I 

9 
9 

'.i 

0 

0 

9. 

9. 
in. 

9. 
LO 
in 
10 

9 
11 

10 

10 
10. 
9 


U28.6 
H36.6 

II  in.r. 

II  lo. t; 

II  L3.6 

II  I  l.i', 

ll.-.o.i; 

L151.6 

4157.6 

4157.6 

L161.6 

L164.5 

L165.6 

U68.6 

1172.6  Sept, 

4174.5 

1 1  85.5 

U92.5 

L242i 

1117," 


Nov. 


I  2  ii 
L2 .0  ] 

L2.6 
9.9 
9.9) 
9.95 
L0.63 
in  Lp 
9.62, 
9.81 
9.80 
9.91 

10.01.. 

9.5p 
IO.If 

10.07., 

lo.  h- 

L0.3p 

L0.8p 

L0.79s 

L2.56 

L3.1 

II. o 

L0.15. 


7lo|  R   i 
Julian    Calendar 

1 1 '.is,.;  - 

1201.6  Oct.      3 

1206.5  8 

1211.5  L3 

1215.5  17 

L224.5  26 

1228.5  30 

1232.5  Nov.    :; 


7261   I!  Delphini. 
i  outiuued  i ' 

1  -'.'7 

L121.5  July   15 
H36.6  30 

11  10.6  Aug.     3 
II  13.6 


,  ont. 
Mag. 

9.77, 

'.i.  in 

8.91 
9.51 
9.56, 
9.82 


7l.".l  SDelphini. 
i  i  rum  :;tj.) 

1252.5  Nov.  23 
1256.5  27 

1265.5  Dec.  6 
1270.5 
L277.5 
1283.5 
4287.5 
1292.5  Jan. 


11 
is 
ll 
28 
2 


7 135   F  Aquarii 


11  1  L.6 
11  15.6 
II  16.7 
II  L8.6 
4151.6 

ii. 55.6 


6 

8 

'.i 
11 
11 

is 


8.58 

8.51 

8  12„ 

8.29J 

8.13. 

8.22^ 

7.78J 

8  11 

8.35., 

8  58 


7-",.",l  R  W  t  'ygni. 

(I  ont.1  rora39  l.l  onip.Stnrf ! 


4096.7  June  20 

4150.5  Aug.  i:: 

L164.5  27 

1171,-.  Sept.    6 

4176.5  8 

4182.6  1  l 
4192.6  24 
4221.5  Oct.  23 
1252.5  Nov.  23 


1111.7 
H36.6 
H38.7 
n  12.6 
II  13.6 
L157.5 
H63.6 


252   W  '  'apricorn  i. 

I  ontlnui      1 1    no  » 
i  B9J 

July 


Lug, 


30 

1 

.-, 

6 

in 

26 


i:;  l 
li'.  I 
12.37, 
L1.85 
Ll.38, 

11.01  , 
L2.31 


!'.4 

10.17, 
9.92 
9.65 

'.i.70 

9.65!, 

9.61a 

9.4  l 
9.790 


3742.6 
3776.6 
3778.6 
3787.6 
3789.6 
3790.6 
3809.6 
3810.6 
3840.5 
3859.5 
3897.5 
1918.5 

1077.7 
L094.7 
loos. 7 
no:;. 7 
ll  l  I.e. 
1114.(1 

II  l.-'.r, 
1137.6 
ii  lie, 
in;  i.e. 
L168.6 
H85.6 
L194.6 

III  1.5 
L224.5 
L241.5 
L253.5 


Julj 

An-. 


Sept. 
Oct. 

Dec. 


June     I 

is 
22 


Jr,h 


,  In  I  /,'  Microscopii. 

LO.7] 

in.:. 

loo] 

I"  I 

0.7 

9.6 

9.47 


3860.5  Oct.    17 

3888.5  Nov.  24 

4173.6  Sept.  7, 
U88.6  20 
4192.6  24 
H93.6  25 
H95.6  27 


Aug.     7 

■'7 

31 

Sept.  17 
26 

Oct.  16 
26 
12 
ll 


Noi 


L0.2 
L0.9 

ll,",  I, 

11.1 

1  L.43 

L1.932 

11.1 

11,17., 

1 1 .6 

11.7 

12.3] 

L2.3 

lo.:; 

m.l 

L0.6 

m. I 

L0.28, 

in. I 

I0.70, 

10.71,". 

11.11" 

in.'.i 

1 1 .53, 

L2.50 

12.71, 

12] 

L3.0 

13.0] 

11:. 


7  I  is   W  Aquarii. 

[890 

.".7 -,.".(',  July  11  to 
3918.5  Dec.   24     L1.5] 

7  date-; 


1077.7  June     I 

L094.7  18 

Hi',  is.  7  SJ 

L103.7  27 


L0.9 
L0.9 

11.1 

11.1 
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7448  WAquarii.- 
Julian    Calendar 


July 


U11.6 
4114.6 
1115.6 
1137.6 

4157.6   A.ug. 
4224.5  Oct. 




Mag. 

1  L.2 

I  1.8 

11.70, 

11.2] 

12.1] 

12.6] 


4140.1 
H57.6 
4163.6 
4168.6 

6940. 

7240. 


450  VAquarii 


20 
26 
31 


9.1p 
9.1p 
9.1p 
9.1p 


i  150  V  Aquarii- 
Juliau    <  :i  li  ii,! .i 


4172.6  Se 
U82.6 
4192.5 
1198.5 

4201.-, 
12015.5 
4215.5 
1215.5 
4224.5 
4225.5 
1235.5 
I2i:.r, 
1252.5 


Oct 


Nov. 


t.  4 
I  I 
24 
30 
3 
8 
17 
17 
26 
"7 
6 
is 
23 


runt. 
Mag. 

'.Mi- 
8.99t 
8.98. 
8.97„ 
9.1p 
S.72, 
8.73„ 
9.0p 
9.0p 
9.07, 
8.97, 
8.4  I.. 

9.13; 


7450  VAquarii. 
Julian     Calendar 


1252.6 

Nov. 

oQ 

12  7,  3.5 

24 

1264.5 

Dec. 

5 

1271.5 

12 

1278.5 

L9 

•cont. 
Mag, 

9.0p 
9.0p 
8.90, 
9.1f 
9.1p 


7  155  U  <  'apricorni. 

(Continued  from  392.) 


4128.5  July  22 
1128.7  '  22 
4136.7  30 

4136.7  30 


11.0 
10.8p 
10.74, 
L0.6p 


,  155  V  '  'apric.     cont. 
Julian    Calendar      Mag. 


1138.7 

\ur 

1 

10.8 

11  10.6 

.'! 

10.1)7 

11  in. 7 

3 

10.7p 

4  1  12.6 

5 

10.6] 

1157.6 

20 

10.6] 

1163.6 

26 

10.9] 

1168.6 

:;i 

ll.L'i 

1172.7 

Sept 

4 

M.li 

717 

6  EH 

( 'ygni. 

(Continued  1  rom 

193 

U68.6 

An-. 

31 

8.9] 

7  156  HI!  <  'ygni. 

ri.lll 

.1    in  i: 

Calendar 

4176.6 

Sept.    8 

9.10 

4177.5 

0 

o.oo.. 

4182.6 

1  1 

9.05, 

U92.6 

2  1 

9.24, 

1198.6 

30 

0.22, 

1200..-, 

Oct.     8 

0.00. 

4215.5 

17 

9.25, 

4228.5 

30 

8  77, 

1231.6 

Nov.     2 

0.22, 

4241.5 

12 

9.12 

4252.5 

23 

8:77, 

420.-,..-, 

Dec.     6 

9.33„ 

1278.5 

19 

9.27, 

I   have  found  no  decisive  change  in  four  years. 

Y,t\    little  variation  in  four  years;  a  min.  about   1894  1>> mber,  and 

My  intervals  make  the  period  successively,  215,  207,  and  213  days. 
( — 20.)     Max.  derived   from  our  factor  and   two  observations  only. 


max.  about  1896  September. 


Star 

G 
H 

111 
J 

K 
L 
X 

11! 

V 

w 

X 
IX 


6903  '/'  Sagitt 
1893  1897 
DM. 

—  17°5535 
-17°5564 
-16°5232 

-16°5259 

—  1  7c.-,7, ->.-> 
16°5238 

-16°5209 
-17°5540 

—  1  7  .->.">  17, 
-17°5556 

—  1 7  5557 
_17°557,0 
5^6/       V 

3/        V 


1/7/. 

Mag. 
7.26 

8.00 
8.28 
8.31 

s.ls 
8.38 
8.38 
9.02 
9.89 
0.04 

10.:::; 
10.07 
10.63 
11.10 


Star 

/ 

11 

2/ 

N 

IN 

2.Y 

:;x 

T 

U 

2W 

AX 

1Y 

Z 


Com 
0021  S  Sagittarii 
1893   1897 
DM. 

-  is  5298 
— 19°5398 

-  lo  5387 
-19°5388 

18°5299 
-19°5376 

19  5386 
-lo  5384 
-lo  5390 

-  lo  5396 
-19°5405 

-  lo  5397 
-19°5385 
9.s-         1 Y 


parison-Stars. 


727,2   W  <  'apricorni. 
LS93  1897 


Mag. 
7.43 

7.40 
7.21 
8.22 
8.1  I 
8.42 


0.07 
9.30 
9.87 
0.71 
11.09 

10.-12 

11.05 


9 
9 
9 
24 
16 
2 

10 

5 

12 

13 

9 


17 


Star 
N 
Q 
V 

IV 

2  V 
W 

1  W 
X 
b 


MaS. 
0.20 
9.70 

10.47 


DM. 
.22  5366 
-21  5654 
-22°5367 
-22°5364     10.68 
-22°5379     10.57 

22  5374 
-22°5371 
-22  5368 
7s3p  W 
5sUf  W 
I, 
X 

w 
w 


d  5s2f 

./'  4*lp 

h  4 //(',/■' 

hi  4  // 


10.66 
10.95 
11.73 
12.11 
10.92 
11.45 
11.68 
12.35 
13.14 


IP 

0 


IP 

1 
16 

8 

17 
18 
19 

9 


7263   R  Delphini. 

1893-1897 

Star 

DM. 

Mag. 

n 

M 

1  o  1452 

S.I  7 

15 

\ 

f.s  i:;70 

8.98 

2() 

P 

1   0    1  101) 

8.62 

10 

Q 

f  S  4383 

8.91 

20 

i; 

4  o  ll  !:; 

S.S7 

3 

AT 

+  0  1  146 

s  29 

0 

V 

+  0  1450 

9.93 

0 

w 

!  o  I  159 

10.35 

6 

X 

fs  4384 

10.43 

2 

IX 

+  8°4385 

10.08 

7 

z 

1  s  4388 

ln.2.-, 

0 

d 

8s4/      V 

11.2:: 

3 

i 

6/         Q 

1  2.3  1 

3 

k 

2nif    X 

1  2.7,.-, 

4 

CONFIRMATION   OF   VAEIABILITY, 


By  II.  T. 
[Communicated  by  Dr.  David  (iir.r..  ('.!',.,  F.E 
Lac.  8051     (1875)     19"  8m  24"     -33°  44'.4*. 
The    variability  of   this  star   was  pointed    out  by  Prof. 
Kaptey.x    in    A.N.2987  from   Cape    Photographic   plates. 
Recent  visual  observations  with  the   7-inch  refractor  con- 
firm this  result.     We  have 


Lacaille, 

1751 

7.0 

<  lordoba. 

1873  Sept.    1 

7.0 

" 

1874  Sept.  19 

7.0 

" 

1874  Sept.  23 

7.0 

Cape, 

1877 

7.0 

Cape  Photo., 

1  sss  Oct.  22-27, 

10.2 

*  This  star  is  already  in  the  list  of  known  variables,  and  is  6901 
EY  Sagittarii  (A.J.  xvn,  64).  It  was  originally  discovered  by  Mark- 
wick  (A.N.  141,35),  and  independently  by  Kai'TKY.n  (A.X.  142,75). 
The  reference  to  A.N.  29S7  in  the  foregoing  article  is  doubtless  an 
inadvertence,  since  the  star  is  not  mentioned  in  the  article  by  Kap- 
tf.yx  in  that  place.  The  variability  has  also  been  confirmed  by 
Mrs.  Fleming  from  the  II. CO.  Photographs.  —  Ed. 

Royal  Observatory,  Cape  of  Good  Hope,  1897  Dec.  2. 


\.  INNES. 

S.,  etc.,  II. M.  Astronomer,  (ape  of  Good  Hope.] 

Cape  Photo,  1890  Oct.  30  -Nov.  3         7.2 

"         "  1890Nov.l4-]Srov.  19       7.1 

Cape,  7-iu.  visual.    1897  Oct,  II   20  11.0 

"         "       "         1S07  Oct.  28  31  10.2 

"         "        "         1897  Do,-.    1  8.8 

Also,  tin'  star  does  not  appear  in  the  Washington  Zone 
of  1846  July  14.  when  surrounding  stars  to  the  0.0  mag. 
were  recorded. 

Cord.  DM.  -  32°12146    (1875)    16h47m8".8     -32°  25'.0.« 

Suspected  al  Cordoba  :     7  p  to  9*. 5. 

Cape,  Visual  7-in.  1896 Aug.  16-1897 Oct. 20,    7". 7,  to  8".8. 

Color  =  7.7. 

*  The  data  given  by  Thome  and  Inxics  seem  to  make  the  varia- 
bility certain,  and  accordingly  the  definitive  notation  may  be  as- 
signed as 


6053  SS  Scorpii    (1900)     16   18   16 

(1855)     16  45  51 


-32  27.6 
32  2-1  9 


l.;i 
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N°  125 


SUNSPOT   OBSERVATIONS, 

\l  AUK    A  I     BERWV2T,     PENNA.,     Willi      \     t  ;    l\.  II     RKFRACTOR, 
l'.N      \.    W.    QU1MB1  . 


Time 

i--; 

Time 

[Ten 

Total 

Fac 

l-:'7 

Time 

\,  •» 

I'uMl 

i  ii 

Del 

i.i- 

■  i        1 

7 

■  ■ 

11 

j 

faii- 

\:                 29 

; 

1 

2 

poor 
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LIST   No.  6   OF   NEBULAS    DISCOVERED   AT   THE    LOWE   OBSERVATORY, 

Bv   LEWIS   SWIFT. 


N... 

Date 

K.A.  (1900) 

Decl.  (1900) 

Description, 

1 

189? 

Dec.   25 

2"n'"i<r 

—31  39   15 

pF.  pS,  R.  dtst.  1)  nf 

•» 

•  )•> 

2  25    15 

-34  42     0 

eeeF,  S,  R.  D  nearly  p,  np  of  2 

3 

22 

2  26     0 

34    11    12 

eF,  eS,  R,  El  st  near  n,  1>  np,  si  of  2 

4 

22 

2  26  15 

-36  28  55 

pB,  pS,  \  F 

5 

22 

2  37     0 

-28  37     0 

eeF,  S.  R,  3  fine  1>  nf  cadi  about  7" 

6 

22 

2    in  35 

-28  22  35 

eeF,  S.  R,  D  np 

~ 

22 

3     7  30 

-25  42     0 

eeF,  S,  R,  L'  It  st  near  sp  point  to  it 

8 

26 

3  35    lo 

-27  11  10 

eF,  eS,  IE,  si  close  nf,  stellar 

9 

26 

3  50  40 

-28  26  15 

eF,  s.  R.  F  st.  in  contact  nf 

LO 

23 

4     8  30 

-32    lo    is 

vF.  vS,  R.  partial  resolv.  susp.,  1531    2  in  field 

11 

26 

1  52     0 

-28  41   35 

eeeF,  pL,  iR.  1>  2  Is  I  points  to  it 

12 

Nov. 

30 

5     2  30 

-20  37    L5 

eecF.  pS.  bet.  2  st  close  to  eeeFD,  eee  dif 

L3 

Dee. 

26 

5  15  10 

-25  11   30 

eeeF,  S,  R,  7"  15'  p  Is  nearly  obliterates  it,  eee 

dif 

1  1 

1 

5  30     0 

-23  36  30 

eeF,  S,  R,  7M  close  p,  sf  of  1980 

15 

Nov. 

30 

5    1  1     0 

-30  31  55 

eeeF,  pS,  R,  F  np,  sev  B  st  sf,  '■>  st  n  curved 

16 

Dee. 

1 

.-,  53     0 

-23  11   30 

pB,  pS,  R.  in  vacancy,  sev  B  st  f 

17 

1 

5  56  45 

-23  41  30 

B,  L,  R,  bet.  st  nf  and  v  wide  1)  np 

18 

1 

6     !     5 

-27  7,1  50 

vF.  pS,  IE,  st  in  contact  nf,  n  end  like  a  brush 

19 

28 

9  18  10 

-22     2  55 

pF,  cS,  \  K.   10"  elose  sp 

21 

28 

10  11  20 

-33     3  lo 

eeF,  pS,  iR.  in  center  trapezium 

22 

30 

10  16  38 

-33  46  15 

vF.  CS,  R.  0"  pr  (dose  f 

23 

30 

10  24  30 

-35     3  15 

eeeF,  eeS,  R,  eF  st  in  contact  s,  p  of  2 

24 

30 

10  35  12 

-35  31  35 

eeeF,  eeS.  R,  eF  st  in  contact  s,  f  of  2 

25 

29 

10  30     0 

—35     5  25 

eeeF,  eS,  R,  eeF  D  near  S 

NOTES  TO   Nos.  23  AND  24. 


Here  are  two  nebulas  singularly  placed,  whose  descriptions,  as  will 
be  seen,  are  identical  in  every  particular.  I  ran  across  a  very  faint 
nebula  which  I  found  to  be  N.G.G.,  No.  3267.  Near  following  was 
an  exceedingly  faint  and  very  close  double  star,  which,  with  a  power 
132,  looked  as  if  the  north  one  was  an  exceedingly  small  nebula  of 
unimagined  faintness.  With  a  power  of  200,  my  suspicion  that  it 
Echo  Mountain,   California. 


was  not  a  star  was  confirmed.  In  a  few  minutes  Iranacross  another, 
which  in  every  particular  was  exactly  like  it,  both  being  north  of  its 
companion  star,  and  the  same  distance  apart,  about  4",  and  of  the 
same  sizc>  and  faintness.  But  for  the  excellent  seeing  and  superiority 
of  my  periscopic  eye-piece  for  revealing  faint  nebulas,  they  would 
have  escaped  detection. 


ON  THE  ROTATION- VELOCITY  OF  THE  EARTH, 

By  H.  Y.  BENEDICT. 


For  a  special  case  of  the  earth  regarded  as  a  body  of 
variable  form  an  integral  can  be  obtained  which  does  not 
appear  to  be  wholly  destitute  of  interest. 

Using  Tisskhaxd's  notation  (Mecanique  Celeste,  T.  II, 
Oh.  XXX),  and  assuming  A,  />',  C,  //,  </,',  ///,  to  be  con- 
stants, the  equations  of  motion,  referred  to  the  principal 
axes  of  the  earth,  are 

dp 

di 


B 


sing  ( >>l' 
=   slnT^+C0S< 

(A-C)rp+/Yr-/U'r 

COS(jp  fdU 


dr 


C~+(B-A)pq  +  9l'p 


4-  cost 

dU 

dq> 

Multiplying  respectively  by  p,  q  and 
products, 

Harvard  University,  1  SOS  Jan.  11. 


BU\ 


—  COS  q 


~d6 


<>V 


_  -  )  +  sin  a  -^ 


and  adding  the 


,     dp        ,,    <hi        ,  dr 


i  .  dU 

sin  e  w       f    1       u  dy, 

+  7^-0  G>  *in  .p+ycosgOj  — 
+  ('/  singi— p  cosqo) 


+ 


VU  dxf/      dU  dq      dU  dO 

~chf  It       dy   JT  4 


dU  _dU 

~    ~dt    ~  ~&t 
Hence,  integrating, 


-<J6 


/''■</■  <i,0,t) 


Ajr  +  P.,,-  +  Cr2  =  2  U  +  const  -  2  C 


dU 


dt 


By  referring  to  the  development  of   U  given  in  Chapter 
XXV  of  the  work  just  cited,  it  is  seen  that  neither    V  nor 

dt    contains  secular  terms,  and  hence  the  same  is  true 


J 


dt 


of  Ajr+  /:</■+  ('/■-.  Therefore,  if  r  has  a  secular  term,  so 
has  the  angle  between  the  instantaneous  axis  of  rotation 
and  the  axis  of  figure. 
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OBSERVATIONS 

Hi    HUGH 
Saving  received,  the  kindness  of  Mr.  II.   I     \. 

Lnnes,  maps  of  thi  <  '•"'  variable 

by  him  at  the   Ro 

present  year,  1  made  the  following  obser- 
vations, using  an  8£-inch  With-reflector  and  a  magnifying 

,,     \        L0288  L875)  L2      I     7  L9    16'.7 

Xhis  '  obser- 

vations made  on  32  nights,  between  March  5  and  An 

ears  to  be  9.5.     I  m   some  hazy  nights 
.  been  registered. 

ZC  L3h2483  U     -  36°  1  l'.2.« 


OF    VARIABLES, 

u  BIGHT. 

Z.C  15  1006        (1875)  1." 


Mar.     5 

9.2 

\ 

26 

H 

9.0 

Max'     10 

9.0 

6 

9.2 

•  ■- 

9.0 

11 

9.0 

7 

9.3 

30 

9.1 

23 

8.9 

8 

9.2 

Ma\ 

1 

9.1 

26 

9.0 

9 

2 

9.1 

Jane    2 

9.0 

29 

9.2 

3 

9.1 

29 

9.4 

30 

9.2 

1 

9.1 

July      2 

9.3 

31 

9.3 

5 

9.0 

.i 

9.5 

Apr.     1 

9.3 

6 

9.1 

Aug.  25 

L0.5 

9.2 

i 

9.0 

28 

mvis. 

13 

9.2 

8 

8.9 

19 

9.3 

9 

9.0 

I  ..'.  n  i.  ...  16.  —  En. 


8"     --  2:;    15'.2.« 


ii 

pr.   30 

9  U 

ay     1 

9.7 

- 

9.8 

l 

9.8 

5 

9  8 

6 

9  8 

7 

9.9 

Mai 


I  1 


June 


29 


July 


9.9 
9:9 
9.9 
10.0 
10.0 
L0.3 
10.1 
LO.O 


1891 

July 
Aut 


28 
I'.t 
23 
25 
28 


9  9 
9.6 
9.4 
9.5 
9.4 
9.4 
9.4 


Cord.Z.C.  I6h2278         (1875)  16"  3S 


32    7'.9. 


Max       3 

1 


8.0 
8.0 
8.0 
8.2 
8.0 
7.8 


M  IN        9 

11 

23 

26 

June     2 

July     3 


7.S 
8.3 
8.3 
8.2 
8.2 
8.3 


l-'.'T 

July  5 
28 

\,;  25 
28 
30 


8.4 
9.0 
9.0 
9.0 
9.0 


All    estimates    made    by    comparison    with    neighboring 
stars,  and  independent  of  previous  night's  determination. 
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EPHEMBRIS  OF 

WINNECKE'S 

COMET,  cl  1898. 

(( lontinued  from  A.-l.  424.1 

- 

App.  a 

App.   rt 

log  A 

1898 

App.  a 

App.  8 

log  A 

Feb.    7.5 

17  54     3.34 

-12      1    18.5 

0.1  157 

Mar.     7.7. 

20  19  37.83 

1  1  31     3.7 

0.1340 

9.5 

is     I     0.23 

21   40.1 

9.5 

30     6.29 

28  58.1 

11.5 

1  1     2  88 

40  49.7 

0.1  100 

11.5 

40  31.13 

25    6.6 

0.1350 

13.5 

i'l   12.71 

-12  58   12.2 

13.5 

20  50  51.58 

19  30.1 

15.5 

:;i  28  36 

-13   L5  12.5 

0.1356 

15.5 

21      1     6.99 

12   12.0 

0.14  21 1 

17.5 

1  1    19  is 

30   15.4 

17..-. 

11    16.69 

-14     3   1  is 

19.5 

is  55  1  1.35 

l:;  17.1 

0.1326 

19.5 

21    19.97 

-13  52   13.2 

0.1  17.". 

21.5 

19     .">   13.16 

-13  55  43.1 

21.5 

31    16.28 

10   ll.<> 

23.5 

16  1  1.76 

-14     6     0.8 

0.1310 

23  5 

11     5.15 

27   13.4 

0.1533 

25.5 

26    18.40 

1  1  36. 1 

25  5 

21   50    16.01 

-13  12  24.9 

27.:. 

37   2:;. 22 

21   28  2 

0.1307 

"7  5 

22     0   18.56 

-  12  :,<;  20.8 

0.1600 

Mar.     1.5 

17  58.61 

26  33.5 

29.5 

9   12.26 

39     6.8 

3.5 

19  58  33.08 

29  51.8 

0.1317 

31.5 

22   18  .">7. 29 

-12  20   19.4 

0.1671 

5.5 

20     '.»     6.50 

-14  31   21.6 

A.  II. 

CORR1G 

:\hiM. 

A.J.  122,  p.  112, 

line32,    for    +11' 

12'25".4     put     +77 

12'  20".4. 
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:m.m    Stars,    -No.  22,  r.v  Henry  M.   Parkuurst. 
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i   Observations,  by  A.  W.  Quimby. 
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REMARKS   ON   THE   PRECESSIONAL   MOTION 

By  SIMON  NEWCOMB. 

As  the  remarks  of  Professor  liuss  in  A.J.,  No.  423,  still 
show  some  misconception  of  my  work  on  the  above  subject, 
and  of  my  attitude  in  the  matter,  I  must  ask  leave  to  make 
a  rejoinder. 

The  human  relations  of  the  subject  are  so  prominent, 
that  I  must  begin  with  them.  I  regret  exceedingly  if  any- 
thing I  said  in  No.  413  justifies  the  interpretation  of  being 
a  call  upon  astronomers  to  adopt  my  results.  What  are 
the  facts  ?  Simply  these:  I  published  several  months  ago 
a  discussion  of  the  precessional  motion.  In  A.  J., No.  410, 
Boss  published  certain  strictures  on  the  work  and  on  the 
action  of  the  Paris  Conference  in  relation  to  it,  which 
seemed  to  me  to  be  based  very  largely  on  misconceptions. 
I  therefore  replied  by  a  statement  of  the  objects  of  the 
work  and  of  the  character  of  its  results.  Quite  possibly 
the  title:  "Reasons  for  the  Adoption,"  etc.,  was  unfortu- 
nate. I  therefore  wish  in  starting  out  to  disclaim  in  the 
strongest  manner  any  desire  to  force  the  conclusion  that 
my  work  ought  to  be  adopted.  There  are  two  sides  to 
every  question,  and  I  should  have  said  nothing  on  either 
side  had  Boss  showed  a  complete  understanding  of  the  work. 
Moreover,  I  claim  no  merit  whatever  for  the  work.  But  as 
Professor  Boss  wholly  ignores  what  I  said  of  its  intended 
purposes,  I  ask  leave  first  to  state  them  explicitly. 

I.  We  may  fairly  anticipate  that  the  next  half  century 
will  be  one  of  great  developments  in  exact  stellar  astronomy. 
The  hoped-for  re-reduction  of  the  older  series  of  observa- 
tions with  modern  data;  continued  investigations  into  the 
errors  which  affect  determinations  of  star-positions ;  the 
extension  of  observations  to  great  masses  of  fainter  stars; 
the  addition  of  new  adjuncts  to  methods  of  observa- 
tions, especially  photography  and  the  heliometer;  such 
researches  as  those  of  Kapteyn  on  stellar  motions  and  dis- 
tances ;  —  all  these  will  lead  to  something  like  a  definitive 
solution  of  problems  concerning  stellar  motion,  structure 
of  the  sidereal  system,  etc.  I  fully  agree  with  Boss  that 
all  these  should  really  constitute  a  single  general  and  in- 
divisible problem. 


A  REJOINDER, 


By  much  troublesome  experience  during  recent  years,  I 

timl  that  a  most  necessary  adjunct  to  such  researches  as 
these  is  a  theory  and  formulae  of  the  precessional  motion 
which  shall  be  fairly  near  the  truth,  and  theoretically  so 
self-consistent  that,  whether  reductions  from  one  epoch  to 
another  are  made  by  longitudes,  by  trigonometric  reductions, 
or  by  using  annual  variations,  the  results  will  be  the  same. 
to  0".01  per  century,  however  great  the  proper  motion  of 
tlir  star  maybe;  so  that,  if  discrepancies  are  found,  tin' 
astronomer  shall  know  at  once  that  they  do  not  proceed 
from  defective  data  of  reduction.  This  preliminary  want 
I  have  tried  to  satisfy  by  constructing  formulae  and  quanti- 
ties having  the  required  degree  of  self-consistency,  and  as 
precise  as,  in  my  judgement,  the  available  data  would  per- 
mit. The  questions  whether  this  end  is  worth  the  trouble 
and  whether  I  have  succeeded,  I  leave  to  others. 

The  ground  which  seems  to  be  taken  by  Professor  Boss 
and  others  is  that,  if  we  will  wait  only  a  short  time,  we 
shall  have  the  definitive  solution  of  all  these  problems,  and 
with  it  a  definitive  value  of  the  constant  of  precession.  I 
can  only  reply  to  Professor  Buss's  rhetorical  remarks  at 
the  bottom  of  page  115,  column  1,  that  our  successors  will 
show  great  energy  if  they  carry  out  the  programme  I  have 
outlined  within  fifty  years. 

II.  His  objections  to  the  proceedings  of  the  Paris  Con- 
ference are  worthy  of  note.  By  reference  to  p.  54  of  the 
Prods-  Verbaux  it  will  be  seen  that  the  Conference  resolved 
in  favor  of  the  adoption,  in  the  respective  ephemerides 
represented,  of  certain  values  of  the  astronomical  constants 
of  reduction,  but  said  nothing  about  their  adoption  by 
astronomers  generally.  Professor  Boss  calls  this  "assum- 
ing to  legislate  for  astronomy  in  general,"  a  matter  of 
"decree,"  and  the  logical  opposite  of  "examination  and 
judgement."  The  question  whether  this  is  a  correct  use  of 
language  I  must  leave  to  be  decided  by  competent  linguistic 
authority. 

III.  Passing  to  particulars :  In  his  starting  summary 
he  says  : 
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Eor  the  immediate  adop- 
tion of  new  values  of  the  precessions]  motion." 

1  agree  with  this,  ami  roomers  may 

indefinitely  using  patched-up  values  of  the  pi 

sional  motion    in    their   investigations  of    proper  motion, 

without  creating  anything  which  would  bean  "emergency" 

in  the  sense  in  which  that  term  is  defined  iphers. 

"The  study  of  the  processional  motion  ought  to  be  more 
effecti  eted  with  the  definitive  solution  of  prob- 

lems concerning  solar  motion,   structure   of   the    sii 
system  and  systematic  errors  in  observed  star-positions." 

1  reply  that  my  work  is  constructed  as  nearlj  on  this 
plan  as  my  limited  powers  and  limited  means  permitted. 
The  38  pages,  from  19  to  57,  are  very  largely  taken  up 
with  this  very  combination.  The  one  main  point  in  which 
Boss  may  claim  that  they  fail  of  coming  up  to  his  standard 
is  in  not  being  "  definitive."  He  and  some  others  seem  to 
think  that  a  time  is  approaching,  when  astronomers  will 
all  agree  as  to  what  are  the  most  probable  values  of  astro- 
nomical constants.  I  thought  so  mysell  ten  years  ago,  but 
am  now  convinced  that  the  hope  is  ill-founded.  In  my 
judgement,  nothing  in  astronomy  will  be  accepted  as  reallj 
"definitive"  Eor  several  generations  to  come,  it'  ever.  His 
main  point  is.  in  effect,  that  I  have  omitted  existing  ma- 
which  would  have  added  in  an  important  degree  to 
ccuracy  of  my  results.     Here  I  take  issue  with  him. 

Much  that   he  says  on  this  subject  seems  to  me  too  weak   to 
demand  reply,  and  I  shall  devote  attention  mainly  to  the 
-ints. 
IV.      The     precession    in    right-ascension    is    determined 
from  the  observed  increase  of  right-ascension  of  stars  with 
the  time.      It"  the  stars  had   no   proper   motion  its  determi- 
nation   would   involve   no  difficulty.      Bright   stars    have 
proper  motions  than   faint   ones,  and  are  fewer  in 
uumber;    then  tore  it   was    supposed   until    recently  that    we 
should    rely  mainly  on    taint    stars.      Now  it    is  known  that 
an  error  of  personal  equation  is  int  roduced  into  the  observed 
right-ascensions  of  faint  stars,  because  their  position  has  to 
ber mined   relative  to  the  bright  ones  used  as  funda- 
mental.     If  we  take  tWO  epochs,  tt    and   /,.   the  error  of  the 
result  will  come  out  in  the  form 

Jat  —  Ja0 
'  h-ta 

Here    1a   and    /■<    are  the  personal  equations  depending  on 
magnitude  in  the  right-ascensions  at  the  two  epochs.     Now, 
•    riiiine     /,(l  by  investigation,  hut   we   cannot  de- 
termine .  /«,  fur  the  astronomers  who  observed  a 
until  we  learn  what  the  precession  really  is.     Professor  Boss 
uot  explicitly  say  so.  hut  he  seems  to  imply  that  in  his 
opinion  this  error  a  hundred  years   ago   was   zero.      If  he 
this  ground   he   does  so  by  the  familiar  method  of 
reaching  a  conclusion,  setting  forth  the  cases  favorable  to 
it.  and  ignoring  those  which  are  against  it. 


I  .    two  ways  of  diminishing  the  error  of  our  de- 

lation oi  the  processional  motion.     One  is  l>\  waiting 
r  value  of    /,-',.     The  other  is  by  gi  I 
di  terminations  from  which  this  en  or  is  eliminated.     If  we 
suppose  that,  by  the, A. G.  zones,  we  arc  able  to  eliminate 
this  result  Ei  servations  of  the  epoch  L880,  then 

by  1930  we  shall  a;  i  centurj  of  observations  Erom 

which  this  particular  error  is  eliminated. 

The  other  method  is  by  ignoring  the  errors  in  question. 
In  this  way  their  effect  will  diminish  as  the  reciprocal  of 
the  time. 

V.  I  now  pass  to  the  declinations,  which  is  that  branch 
of  the  matter  that  mosl  needs  clearing  up.  Here,  to  show- 
how   deceptive  is   Professor  Boss's  picture  of  the  great   value 

of  the  material  1   have  omitted.  I  must  begin  by  analyzing 
t  be  ma1  ter. 

The  determination  of  the  processional  motion  from  decli- 
nations is  subject  to  two  sources  of  error,  the  one  systematic, 
the  othei  accidental.  The  onlj  systematic  errors  which 
directly  influence  the  result  are  those  of  the  form  kcOSa, 
which  belong  to  the  class  of  errors  in  declination  depend- 
ing on  the  right-ascension.  It  is  impossible  to  make  any 
approximate  evaluation  of  the  probable  amount  of  this 
error,  except  by  general  judgement,  and  by  comparing  the 
results  of  the  best  authorities  at  various  epochs.  So  far  as 
it  enters  into  my  determination  I  have,  witli  much  uncet 
tainty,  supposed  its  probable  amount  to  be  ±0".1<>.  lint 
it  may  possibly  amount  to  ±0".L'O  per  century.  The 
second,  or  accidental  errors,  arise  mainly  from  the  variety 
of  the  proper  motions.  This  admits  of  a  fairly  precise 
estimation,  and  1  nave  already  given  the  value  ±0".09  as  a 
fair  estimate  of  its  probable  amount.  Now.  so  long  as  we 
use  one  ami  the  -nine  standard  system  of  reference,  no  in- 
crease in  the  number  of  stars  will  diminish  the  first,  or  -■.  ,t,.- 
matic  error.  If  the  systematic  error  is  ±0".10,  then  the 
addition  of  an  infinite  number  of  faint  stars  to  those  I  have 
used  would  only  reduce  the  probable  error  from  ±0".1  I  to 
±0".10.  [f  the  systematic  error  be  ±0".20,  the  reduction 
would  only  be  Erom  ±0".22  to  ±0".20. 

Now.  on  page  116, column  1.  Prof  essor  Boss  gives  a  verj 
imposing  list  of  the  authorities  which  I  have  omitted,  in- 
cluding Greenwich.  Dorpat,  Edinburgh,  etc..  between  1820 
and  1850.  But  1  do  not  know  whether  he  means  that  this 
would  have  diminished  the  systematic  or  the  accidental 
error.  If  he  means  the  systematic  error,  I  would  reply 
tbstantially,  I  have  used  all  that  would  strengthen 
the  system  of  declinations.  It  is  true  thai  I  did  not  blindly 
follow  Boss's  standard  by  reducing  either  Bradley's  obser- 
vations or  those  of  1865  to  it.  I  found  that  by  blindly  fol- 
:  it  the  precessional  motion  would  not  be  altered  by 
more  than  <>".10  per  century,  and  I  concluded  thateven  this 
small  difference  was  due  to  the  weakness  of  the  compari- 
son rather  than  to  systematic  error.     I  therefore  believe 
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that  the  results  I  got  are  substantially  those  which  would 
result  from  the  most  complete  elimination  of  the  systematic 
error  by  the  use  of  all  standard  authorities. 

The  objections  to  including  the    12000  to   L5000   star 

places  which  hi'  talks  aboul   ;n  6  I  hese  : 

First,  [t  is  impossible  to  certainly  reduce  them  to  anj 
well-established  standard,  so  that,  except  by  a  thorough 
revision  of  the  entire  work  of  constructing  the  catalogues, 
no  reliable  result  could  be  derived.  The  results  which  we 
should  get  would  be  of  that  class  which  we  are  going  to 
accept  it'  they  agree  with  others,  and  reject  if  they  do 
not. 

Second.  In  any  case,  the  addition  of  all  this  material 
would  only  have  diminished  the  accidental  portion  of  the 
error  and  not  diminished  the  systematic  part. 

VI.  I  now  pass  to  the  strongest  point  which  I  can 
extract  from  the  paper  under  review,  and  which  I  can 
strengthen  by  my  own  statements.  It  would  have  been 
exceedingly  desirable  to  introduce  stars  of  the  southern 
hemisphere  which  cannot  be  accurately  observed  in  our 
latitudes,  say  all  those  south  of  — 30°.  I  actually  did 
set  out  to  do  this  by  a  study  of  the  material  at  hand. 
The  conclusions  I  reached  were  these :  — 

The  earliest  positions  which  admitted  of  reduction  to  a 
standard  are  those  of  the  Cape  Catalogue  for  1840.  The 
latest  were  those  of  the  Cape  observations  between  1875 
and  1880.  The  mean  interval  was  about  45  years.  Even 
for  the  Cape  Catalogue  of  1840  the  material  for  reduction 


to  a  standard  was  weak.  For  example,  one  could  not 
determine  the  reduction  /e,.,  nor  form  an  idea  how  large 
it  might  be.  Moreover,  when  all  the  available  stars  were 
collected,  they  were  found  to  be  only  a  few  hundred  in 
number.  Even  for  these  lew  .  i  he  accidental  and  systemal  tc 
errors  would  be  doubled  in  the  centennial  precession  from 
t  lie  fact  that  /,  -  /„  would  be  only  0.45,  while  for  Bead 
let  it  was  greater  than  unity.  I  therefore  decided  to  re- 
ject t  he  material. 

In  stating  this  conclusion,  I  by  no  means  claim  to  have 

been  infallible.     11'  Professor  Puss  or  an \  other  astr uuer 

will  make  as  careful  an  examination  of  the  southern  cata- 
logues as  1  did,  having  in  view  the  various  classes  of  sys- 
tematic and  accidental  errors  to  which  they  are  liable,  and 
thus  form  an  estimate  of  how  much  their  introduction 
would  have  subtracted  from  the  probable  error  of  the  re- 
sulting constant  of  precession;  this  by  computation  and 
not  by  rhetoric;  I  shall  gladly  accept  his  results. 

As  the  matter  stands  it  seems  to  me  that  Professor  Boss's 
implied  conclusion  —  that,  because  there  are  15000  stars 
of  which  satisfactory  values  of  the  proper  motion  can  be 
computed,  therefore  these  proper  motions  can  be  used  to 
strengthen  the  value  of  the  constant  of  precession — is 
fallacious.  He  leaves  out  of  consideration  the  important 
fact  that  a  value  of  the  precessional  motion  derived  from 
this  material,  though  its  probable  error  computed  in  the 
usual  way  would  be  very  small,  would  be  subject  to  system- 
atic errors  so  large  as  to  be  of  little  real  value. 


NOTE   ON  VELOCITIES, 

By  A.  HALL. 


In  Circular  No.  21  of  the  Harvard  Observatory,  Professor 
Pickering  gives  the  orbital  velocities  of  /x'  Scorpii,  the 
binary  character  of  which  was  discovered  by  Prof.  Paily, 
and  of  Cord.  G.C.  10534,  discovered  by  himself,  as  286  and 
379  miles  per  second  respectively.  It  is  interesting  to 
compare  these  results  with  similar  motions  in  our  solar 
system,  and  with  the  motions  in  space  of  stars  that  have 
great  proper  motions.  The  formula  for  the  velocity  under 
the  Newtonian  law  of  attraction  is 


V-  = 


W 


V  being  the  velocity,  p.  the  sum  of  the  masses  of  the  attract- 
ing bodies,  r  the  radius-vector,  and  a  the  semi-major  axis 
of  the  conic.  This  formula  gives  for  the  mean  velocities 
of  Mercury,  the  Earth,  and  Neptune, 

29.6     ;     18.4     ;     and     3.4     miles. 
For  a  parabola  the  formula  becomes 

(.8.4,.    P         » 

\r  Vr 


V  = 


Hence  for  the  velocities  at  perihelion  of  the  great  comets 
of  1843,  1880,  and  1882,  we  have 

351  ;  338  ;  and  295  miles. 
These  velocities  are  comparable  to  those  of  the  stars  given 
above,  but  they  continue  for  only  a  short  time.  These 
comets  passed  within  about  100000  miles  of  the  surface  of 
the  sun,  but  the  motions  were  in  accordance  with  the  law 
of  gravitation.  In  some  cases  the  nucleus  of  the  cornel 
was  broken  into  several  parts,  probably  by  the  ait  ion  of 
the  sun,  and  this  has  happened  with  several  other  comets. 
The  great  stellar  velocities  in  orbital  motion  indicate  a 
small  distance  of  the  stars  from  each  other,  and  perhaps 
also  the  great  mass  of  the  system.  There  appears  to  be  no 
want  of  stability  in  such  orbits,  unless  it  may  arise  from 
the  interaction  of  the  stars,  but  of  this  we  cannot  judge 
until  their  distance  from  each  other  is  known. 

The  discovery  by  Kapteyn  of  a  star  with  a  proper 
motion  of  8". 7,  and  which  may  have  a  greater  motion  in 
space  than  1S30  Groombridge,  calls  attention  to  these 
velocities.     Here    no  departure    has   been    observed   from 
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rectilinear  motion.  The  formula  for  the  velocity  shows 
that  if  a  body  moved  in  a  hyperbola  having  a  small  major 
axis  t':;  great.     Thus  if 

a    =    -0.1      ;      ;■   =    1      ;      and      p   =   9 

the  velocity  is  191  miles,  and  after  1 1 1#-  lapse  of  an  infinite 
time  the  velocity  would  be  17">  miles.  In  sucb 
probable  thai  we  see  the  greatest  component  of  the  velocity, 
and  althougb  in  these  orbits  the  stars  must,  finally  disap- 
ley  would  continue  of  nearly  the  same  magnitude  for 
a  long  time.  If  we  assume  the  parallax  of  the  star  to  be 
0".l,  and  suppose  the  star  tn  be  moving  toward,  or  away 
from  our  sun  200  miles  a  second,  the  Light  of  the  star  in  a 
century  would  change  in  the  ratio  of  L007  p,  1000. 

In  the  Berlin  Memoirs  for  1760  Eulek  has  considered 
the  motion  of  a  body  attracted  toward  two  fixed  centet  . 
andhas  reduced  the  solution  to  elliptic  integrals.  In  the 
first  volume  '  f  his  Fonctions  Elliptiques,  Legendre  has 
sed  several  forms  of  the  solution,  and  has  drawn 
curves  to  illustrate  the  orbits.  Denote  by  .1  and  /•'  the 
-  at  the  fixed  centers,  and  let  the  distance  M-  be  o. 
Take  the  origin  on  this  line  ami  call  the  x-coordinate  of 
A.  x.  and  that  of  /•'.  ».  so  that  x  +  u  =  a.  Lei  r  be  the 
radius-vector  of  the  body  with  respect  to  .1.  and  s  the 
radius  with  respect  to    /.';   then 

.<-    =    ir  +  if-  +  v- 
Hari  Ity,  1898  Jan.  22. 


The  equations  of  motion  are 
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If  we  multiply  the  tii-  I   equation  by    dx  =  —  du,    the 
d   by    '///.    the  third  by    dz,    add    the  products  and 
integrate,  we  find  for  the  velocity 


r-  = 


2  / 


+  —  + 
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where     '         is  the  constant  of  integration.     Sincewi 

a 
two  forces  and  two  radii-vectores  to  deal  with,  we  ran  find 
great  velocities  in  this  case,  and  nearly  rectilinear  motion. 
Lagbam.k  has  shown  that  a  third  force  may  he  added  to 
the  system,  and  the  equations  of  motion  can  still  be  inte- 
grated. The  third  force  musl  ac1  at  the  center  of  the  line 
joining  .1  and  /•',  and  he  proportional  to  the  distance  of 
the  hoily. 

The  problem  of  two  fixed  attracting  centers  is  perhaps 
an  ideal  one.  but  I  think  it  may  exist  approximately  in 
nature.  In  the  cele  tial  mechanics  of  the  future  the  great 
question  will  be  to  determine  the  truth  of  tin'  Newtonian 
law  of  attraction,  and  for  this  there  will  lie  needed  a  full 
and  complete  development  of  all  the  theories  of  motion. 


NATURE   OF    Till-:   VARIATIONS   OF    U PEG AS I, 

15v  s.  ('.  CHANDLER. 


An  examination  of  my  observations  shows  in  the  clearest 
manner  that  Prof.  PlCKEKING's  conclusion  is  correct  that 
they  are  not  affected  by  systematic  subjective  error,  as  1 
hail  supposed,  and  that  the  observed  inequalities  arise  from 
an  erroneous  tion  of  the  periods  elapsed  between 

the  successive  dates  of  observation.      But  his  further  con- 
clusioi  .  period   is   nine  hours  and   the  light-curve 

analogous  to  that  of  /J  Lyrae,  is  not  borne  out  by  my  obser- 
\xs  to  lie  an  overstrained  interpre- 
tation ot   Mr.  Wendell's  photometric  observations,   as    | 
shall  presently  show. 

From  all   tin-  data  at    hand    I    have  found   the   fob: 
star : 

Minimum,    l^l>i^-';^:'l„,,|.T.   M-.V.,;:  K 
.Maximum,  1  >>  Lo  -  ) 

If  we  compare  these  elements  with  my  observed  data  of 
minima  and  maxima  given  in  A.J.,  XVI,   L07-  -omitting 
the  two  dates  in  1V.I4.  which  are  of  merely  nominal  weight, 
tions  from  the  isolated  estimates  1>\ 


of  which  I  originally  discovered  the  variability  of  the  star- 
we  have,  by  separating  the  even  and  odd  phases, 


K  \  i  \  Minima 


Mag. 

9  65 
9  63 
9.55 
9.62 
9.63 
9.72 


O— C 

+  s.'o 
+  I.:; 
+  1  1.6 
+  7.5 
-17.1' 
13.4 


9.63 

-  0.8 

Evj  \ 

Maxima 

.Mag. 

O— C 

8.98 

+38.4 

9.02 

-30.2 

9.00 

- 1 9.3 

9.03 

-  8.3 

9.00 

+   5.8 

9.01 


+  3.3 


Odd 

M  [SIM   \ 

Mag. 

O— C 

P 

9.60 

+26.1 

1 

9.72 

+   0.7 

3 

9.70 

-13.1 

5 

9.63 

+  6.8 

2 

9.62 

-20.4 

3 

9.68 

-   4.9 

2 

9.62 

+   0.9 

2 

9.65 

+  2.4 

Odd 

M  \xima 

Mag. 

O— C 

1* 

8.90 

+36.7 

5 

8.85 

-  0.8 

.""► 

+  17.'.) 
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The  mean  values  of  O—C  are  —  0m.8  and  +2m.4  for  the 
even  and  odd  minima,  respectively.  These  observations, 
then,  show  no  sensible  inequality  lid  ween  immediately  con- 
secutive periods. 

The  mean  values  of  the  brightness  arc  9U.63  and  9M.65 
for  the  even  and  odd  minima,  respectively.  Therefore, 
also,  these  observations  show  no  sensible  inequality  in  the 
brightness  at  successive  minima. 

The  intervals  of  the  star's  increase  and  decrease  are  taken 
in  the  elements  as  exactly  equal,  being  each  2h  14m.9. 
Therefore  the  above  values  of  O  —  C  for  the  maxima  —  hav- 
ing regard  to  their  small  number  and  the  greater  uncer- 
tainty, relatively  to  the  minima,  of  their  determination  — 
show  no  sensible  inequality  in  the  intervals  between  the 
principal  phases. 

The  testimony  of  these  observations  then  is  that  the 
period  of  this  star  is  not  9  hours,  with  a  double  light-curve, 
as  found  by  Prof.  Pickering  ;  but  is  41'  29m.8,  with  a  simple 
and  symmetrical  light-curve.  I  shall  presently  show  that  a 
determination  of  the  light-curve  in  a  more  direct  manner 
leads  to  the  same  result.  But  meanwhile  I  deem  it  proper 
to  remark  that  Prof.  Pickering's  inferences  — from  the  sup- 
posed difference  of  0M.15  in  the  brightness  of  alternate 
minima,  which  the  Harvard  College  observations  appear  to 
exhibit — have  hardly  a  sufficiently  trustworthy  basis,  when  it 
is  remembered  that  observations  with  the  same  photometer 
have  heretofore  failed  to  make  manifest  the  secondary 
minimum  of  the  star  Z  Hercidis,  a  phenomenon  involving  a 
difference  of  nearly  0M.5,  or  three  times  the  amount  here  in 
question;  notwithstanding  the  fact  that  the  existence  of 
the  secondary  phase  of  Z  Herculis  appears  to  be  satis- 
factorily established  by  the  concurrent  testimony  of  several 
good  observers.  Duner  has  recently  {A.J.  422)  sought  to 
explain  this  strange  failure,  but  manifestly  the  explanation 
is  insufficient,  as  will  be  seen  by  the  following  statement ; 
where  the  first  column  gives  the  time  of  the  secondary 
phase  according  to  Duner's  newest  elements,  and  the 
second  column  the  range  in  time  covered  by  the  H.C. 
measures,  which  gave  the  star  always  its  maximum  bril- 
liancy. 

Secondary  Minimum  Range  of  II. CO.  measures 

1895  Sept.  10d15    IS.71 

14  15  38.27 

30  14  56.51 

Oct.      8  14  35.43 

Assuming  the  existence  of  the  phenomenon  to  be  well 
proved,  the  inability  of  the  H.C.  photometric  observations 


13     0 

to     15  56 

13  51 

»     17  35 

12  37 

••     16     8 

13  35 

»     15  40 

bo  make  a,  difference  of  0\I5  palpable  in  the  ca  e  "l 
7.  Herculis  naturally  leads  us  to  be  cautious  in  accepting  as 
real  the  comparatively  nominal  difference  of  0M.15  in  the 
case  of  U Pegasi. 

A  normal  light  curve  has  been  formed  from  all  my  obser- 
vations of  1895,  in  the  usual  manner.  The  odd  and  even 
minima   were   separated,   to   test  the    point   in   question,   as 

shown  below. 


Odd 

Periods 

Eves 

l'ia:ini 

s 

Time 

Obs. 

Br. 

B 

Time 

Obs. 

Br. 

V 

-256" 

3 

M 

9.66 

+0*06 

+  is" 

5 

9*55 

-0*03 

249 

4 

9.56 

.00 

36 

5 

9.46 

-    .03 

235 

5 

9.53 

+ 

.03 

53 

5 

9.42 

+   .02 

217 

5 

9.35 

_. 

.05 

75 

5 

9.27 

—   .02 

196 

5 

9.26 

_ 

.03 

98 

5 

9.30 

+   .11 

174 

5 

9.18 

_ 

.01 

116 

5 

9.13 

+    .01 

156 

5 

9.04 

_ 

.09 

142 

5 

9.19 

+   .09 

136 

5 

9.11 

+ 

.02 

167 

5 

9.19 

+  .02 

118 

5 

9.15 

+ 

.03 

193 

5 

9.21 

-   .07 

94 

5 

9.22 

+ 

.02 

216 

5 

9.38 

-  .01 

65 

5 

9.35 

+ 

.01 

236 

5 

9.56 

+  .06 

35 

5 

9.48 

_ 

.01 

248 

5 

9.51 

-    .05 

-     4 

5 

'.LCD 

— 

103 

+  267 

5 

9.63 

-0.01 

It  was  found  that  through  these  26  observed  normal 
points  a  curve  could  be  drawn,  perfectly  symmetrical  as 
respects  the  increasing  and  decreasing  portions,  which  would 
represent  the  odd  and  even  periods  equally  well,  within 
reasonable  errors  of  observation.  This  curve  is  given  he- 
low,  and  the  deviations  of  the  observed  points  from  it  are 
inserted  above  in  the  columns  v. 


Time  from  Min. 

Brightness 

Diff. 

for  1 

o 

15 

9*090 

0*0000 

2 

10 

.093 

12 

o 

0 

.112 

25 

1 

50 

.142 

34 

1 

40 

.179 

39 

1 

30 

.220 

42 

1 

20 

.264 

46 

1 

10 

.311 

48 

1 

0 

.361 

51 

0 

50 

.413 

52 

0 

40 

.466 

53 

0 

30 

.519 

52 

0 

20 

.570 

48 

0 

10 

.613 

36 

0 

0 

9.640 

0.0000 

I  conclude  that  for  the  present,  until  much  more  satis- 
factory evidence  is  adduced  to  prove  the  contrary,  V  Pegasi 
may  be  regarded  as  having  a  single  period  of  4h  29m  508.67, 
and  a  simple  symmetrical  light-curve  with  equal  intervals 
of  increase  and  decrease. 


ANNOUNCEMENTS   OF   VARIABILITY. 

Rev.  T.  E.  Espix  announces  the  variability  of  the  following  stars  : 

Esp.-Birm.  649     ;     (1900)20     6™  17*    ,     +4112.     Var.  from  8*9  to  10*2.     IVth  type  spectrum. 
Esp.  911  ;     (1900)  20  29  Bo     ,      +54  37.     Var.  from  9     to  14. 
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OBSERVED    MAXIMA    AND    MINIM 

Bi   J.    \.   I 
103.      T  Andronti 

h      i    L897  M:i>  2  I,  w  bet 
i      :..     It  declined  regularlytoa  minimum,  12*.5, 
Aug.  16,  then  rose  bill,  at  bhe  bime  the  series  was  inter- 
rupbed,  Nov.  L'o.  it  9  Fb(  curve  is  quil 

i   tin-  previous  minimum,  and  bhe  correction  to  bhe 

•■  .  elements   of  A.J.  120,  is       5  days.     The  interval 

since  the  lasl   minimum,  265  days,  agrees  with  Yimou  is 

elements.     I  l.a\  e  1 6  observations  bel  ween  the  above  dates. 

678.  V  Persei. 
The  maximum  just  passi  d  i  I  s'.'7  Nov.  7.  at  6". 8)  was  half 
a  magnitude  brighter  than  the  last  two  maxima,  and  aboul 
three  weeks  later  than  bhe  ephemeris.  There  was  tin-  usual 
halt  in  the  rise  at  8 ".2,  lasting  nearlj  through  August.  The 
decline  after  bhe  maximum  was  more  rapid  than  usual.  I 
26  observations  since  bhe  last  minimum.  At  bhe  last 
i iparison,  1897  Dec.  29,  the  star  was  8*.7. 

1171.      T  ('a  n  a  in   Venaticorum.* 
A  minimum  at    11". s,   L897  Sept.  17,  is  indicated  by  16 
between  Aug.  I  and  Dec.  31.     The  curve  har- 
monizes  well    with    Anderson's   estimates    in    A. N.  3433 
(May  29,  8".8;  July  9-  1<>.  <9".5),  and  suggests  a  period 
of  9  to  1-  months. 

5601.  S  I  rsae  minoris. 
The  past  maximum  was  quite  different  from  the  two  pre- 
ceding. They  were  characterized  by  a  hall  in  the  rise  a1 
8*. 2  or  8".3,  followed  U  a  more  rapid  rise  to  the  maximum 
This  time  the  rapid  rise  did  nol  occur,  but 
the  curve  was  very  flat,  so  that  the  maximum  mighi  be 
located  any  time  from  Oct.  1  to  Nov.  H>.  rising  nowhere 
above  7  .8.  The  smooth  curve  gives  as  the  date  of  maxi- 
mum 1897  Oct.  24.     I  bave  12  observations  up  to  Dec.  29. 

5798.     RV  Hi  rculis. 

This  star  was  first  seen,  about  9",  ls'.i7  Jan.  7.  but  owing 
to  a  mistake  in  identification  it  was  onlj  observed  as  a  com- 
parison-star May  5,  12*.0,  and  .luh  2  I ,  t2K.7.  It  was  then 
ed,  hut  remained  invisible  (below  12*.5) 
till  <  vr.  14.  when  it  was  seen  at  1 '_'  '.7.  It  rose  slowly  to 
11". Sun  Nov.  16.  A  minimum  is  thus  \m\  roughly  indi- 
•  imebime  between  Sept.  1  and  20,  behm   12*.5. 

6207.     Z  Ophiuchi. 
season's  observations  began  1897  -May  .">.  and  ended 
16,  there  being  22  observations  in  the  interval.     The 
Fell  slowly  from  8".7  to  a  minimum,  Sept.  15,  al  1  T'.s. 

then  rose  slightly  faster  to  9". 3  at  the  last   observation. 

The  minimum  was  more  sharply  defined  than  that,  of  1896, 
-  ■    A.J.  124,  p. 


A   OF   LONG-PERIOD    VARIABLES, 

LRKHURST. 

squally  so  with  thai  "1   1895.     The  observations  are 

,  a  minimum  anj  earlier  t ban  t be  aboi e 
ild  allew  it  to  be  5  or  6  daj  a  later. 

6549.      W  Lyrae. 
1  bave  watched  this  star  continuously  since  bhe  minimum 
ed  in  A.J.  Ill',  securing  i'l   observations  up  to  Dec. 
29.     It   rose  quickly  and  steadily  to  a   well  defined  maxi- 
mum, 8".l,  1897  Ocb.  23,  then  fell  almost  as  quickly  till  it 
was  lir.'.i  on  Dee.  29. 

6871.      VLyra*. 

Tins  star  passed  a  faint  maximum,  H»".L'.  1897  Oct.  27. 
It  was  fainter  than  !.".<'>  from  Ma\  25  to  Aug.27,when 
first  seen  :  ,,nd  at  the  last  comparison,  Nov.  20,  had  fallen 
to  10M.'.».     I  bave  15  observations. 

7085.  H  T  '  'ygni. 
I  have  32  observations  of  this  star  since  the  minimum 
recorded  in  I. -A  112.  It  rose  rapidly  to  a  maximum,  7".2, 
L897  Aug.  in.  then  tell  to  the  faintest  minimum  I  bave 
ever  seen,  reaching  12*.5  on  Nov.  23.  Unfortunately  the 
series  was  then  interrupted  bill  Dec.  29,  when  it  had  risen 
to  8". 9,  so  that  the  precise  date  of  minimum  can  tint  1»- 
determined  from  these  observations;  hut  a  comparison 
with  curves  for  previous  minima  shews  that  it  probably 
occurred  between  Nov.  16  and  26,  at  aboul  L2K.5. 

77'.iL'.  SS  Cygni. 
A  new  reduction  of  mj  dune  ami  July  observations,  with 
improved  magnitudes  of  the  comparison-stars,  leads  me  to 
think  that  the  reported  slow  fall  "from  11". 0,  dune  20,  bo 
11".!'.  Aug.  6"  (./.•/.  4  11' i.  was  probably  illusory,  ami  that 
the  star  at  normal  brightness  remains  constant  at  about 
11"..",.  since  the  report  in  the  above  number  I  bave  66  ob- 
servations covering  every  clear  night  up  to  Nov. 23.  The 
star  remained  constant  at  ll*.3  from  Aug.  20  to  Sept.  26, 
after  which  a  rise  occurred  as  follows: 


Sept. 


26.54 

11.3 

Sept 

30.94 

s.  18 

27.59 

10.75 

Oct. 

i  .:,•' 

8.56 

27.94 

9.80 

2.55 

S.f.L' 

28.53 

8.86 

3.54 

S...L' 

29.59 

s  70 

1.53 

8.65 

30.52 

8.56 

5.52 

8.77 

These  observations  yield  a  maximum  at  8M.5,  1897 
Oct.  2.5,  alter  which  the  decline  was  steady,  leaching  nor- 
mal magnitude  Oct.  18,  and  remaining  so  till  the  last  obser- 
vation. 
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832  I.      /'  ( 'assiopeae. 
Since   the   minimum    reported    in    A.J.  412    I    have    32 
observations;  yielding  a  well-defined  maximum,  7M.3,  1897 
Sept.  13.     The    correction    to    in;    elements    (A.J.358)    is 


+  1  day,  to  those  of  the  Third  Catalogue,  l  I  l  days. 
The  fall  after  maximum  was  steady  as  usual  till  al  bhe 
last  observation,  1898  Jan.  16,  it  was  aboul  at  its  minimum 
magnitude. 


OBSERVATIONS   OF    TETUYS    AND   RHEA, 

MADE    WITH    THE  26-INCH    REFRACTOR  OF   TIIK    LEANBEK    M'ViilIMIl'K    OBSERVATORY    OF  THE    UNIVERSITY     OF    VIRGINIA, 

Bi    E.  i).    LOVETT. 

Iii  the  following  measures,  the  angles  given  are  each  the 
mean  of  two  comparisons;  the  distances  were  obtained 
from  measures  of  double  distances.  Corrections  have  been 
applied  for  refraction.  Eastern  mean  time  is  used  (75th 
meridian). 


36.35 
36.23 
36.17 
39.37 
40.58 
46.38 
45.65 
88.14 
89.55 


1894 

Eastern  Time 

Po 

Eastern  Time 

Mar.  5 

16*44 

3 

330?91 

6 

16  35 

7 

89.46 

S 

12  54 

38 

268.49 

13  29  31 

13  31  56 

13  47  25 

12 

16  47 

35 

229.78 

17  25  1  1 

17  55 

42 

237.09 

17  28  8 

18  11  16 
18  13  28 

13 

16  48 

1 

2X1.81 

17  19  39 

17  49 

54 

284.01 

17  24  57 

14 

16  19 

33 

80.48 

15 

12  27 

24 

70.(10 

18 

12  32  54 

277.42 

12  51  46 

13  7 

41 

278.45 

12  54  47 

21 

16  59 

45 

246.00 

17  12  47 

17  23 

r,r, 

24  1.68 

17  51  8 

22 

16  51 

12 

271.50 

23 

15  34 

6 

70.15 

26 

14  31 

44 

266.30 

15  50  35 

15  43 

52 

267.63 

15  r,r,  52 

30 

14  17 

55 

262.65 

14  33  16 

14  41  2 

Apr.  2 

13  42 

49 

94.04 

13  46  15 

13  53 

10 

95.09 

13  48  39 

4 

12  28 

19 

252.51 

12  32  16 

12  38 

oo 

252.67 

12  35  14 

15 

9  57 

24 

70.27 

10  1  1 

10  8 

59 

79.32 

10  4  48 

12  11 

23 

82.21 

12  15  38 

12  19 

53 

82.52 

12  17  33 

17 

12  16 

32 

166.48 

12  20  16 

12  25 

00 

169.45 

12  21  58 

19 

9  38 

38 

62.61 

9  44  17 

9  52 

29 

62.92 

9  46  45 

24 

14  26 

56 

76.52 

14  33  18 

14  47 

18 

76.71 

14  35  45 

25 

14  40 

39 

119.41 

14  44  r,r, 

14  53 

33 

120.53 

14  46  43 

26 

10  21 

o 

14(1.09 

10  24  31 

10  29 

12 

140.94 

10  26  32 

13  29 

41 

149.07 

13  32  36 

13  38 

51 

149.01 

13  35  40 

27 

15  31 

IS 

270.10 

15  35  3 

15  43 

44 

270.65 

15  39  1 

28 

11  14 

26 

52.42 

11  19  24 

11  30 

7 

55.13 

11  23  37 

35.66 
35.92 

19.S5 
20.29 


128.23 

128.32 

80.14 

80.31 

100.89 

100.81 

78.09 

78.01 

96.46 

96.14 

100.88 

100.98 

24.90 

24.79 

25. 8  I 

25.74 

*95.72 

*95.63 

32.60 

32.40 

10.05 

10.60 
12.15 
12.26 
125.64 
125.48 
42.10 
42.16 


1894 

Eastern  Time 

/> 

Eastern  ' 

"hue 

8 

Apr.  29 

8 

28  20 

87.56 

i 
8 

31 

6 

12 

lo'V  1 

8 

35  15 

87.53 

8 

32 

50 

40.56 

9 

35  34 

87.45 

9 

38 

20 

38.52 

9 

43  10 

87.05 

9 

to 

13 

38.50 

May   1 

13 

3  46 

266.11 

l:; 

7 

37 

118.27 

13 

13  47 

265.94 

13 

10 

27 

118.31 

15 

3  39 

267.73 

15 

6 

21 

117.21 

'  2 

8 

22  3 

295.68 

8 

25 

5 

24.21 

8 

28  18 

295.22 

8 

26 

37 

24.20 

11 

39  3 

302.92 

11 

10 

50 

17.18 

11 

44  25 

303.15 

11 

12 

32 

17.23 

13 

29  15 

303.10 

13 

31 

44 

1  t.35 

13 

36  14 

303.27 

13 

33 

34 

14.38 

3 

11 

42  is 

18.69 

11 

15 

59 

20.27 

11 

51  41 

20.46 

11 

48 

31 

20.38 

12 

53  37 

.",6.66 

12 

55 

52 

25.69 

13 

0  8 

37.53 

12 

57 

45 

25.66 

9 

13 

0  14 

96.40 

13 

3 

26 

11.90 

13 

7  53 

96.75 

13 

5 

12 

11.86 

10 

13 

40  57 

257.72 

13 

13 

34 

96.52 

13 

is  17 

258.31 

13 

15 

44 

96.47 

12 

9 

26  r,r> 

73.80 

9 

29 

4 

23.07 

9 

32  9 

73.23 

9 

30 

30 

22.96 

11 

9  48 

71.09 

11 

12 

48 

20.10 

11 

is  9 

71.51 

11 

15 

4 

20.30 

13 

12 

32  Hi 

88.87 

12 

34 

57 

111.70 

12 

40  44 

88.95 

12 

36 

47 

111.65 

16 

11 

23  4 

281.99 

11 

25 

26 

50.5;; 

11 

30  31 

282.33 

11 

27 

56 

59.42 

17 

12 

29  7 

86.30 

12 

31 

25 

L25.10 

12 

36  11 

86.61 

12 

33 

22 

125.08 

13 

51  22 

87.83 

13 

54 

16 

L25.15 

13 

58  40 

88.07 

13 

56 

38 

125.24 

21 

8 

5  1  56 

78.36 

8 

57 

31 

71.27 

9 

1  53 

78.50 

9 

0 

30 

74.25 

29 

12 

33  16 

270.73 

12 

35 

34 

92.98 

12 

40  1 

270.46 

12 

37 

39 

93.01 

June  2 

11 

58  51 

266.57 

12 

2 

35 

125.11 

12 

5  45 

266.77 

12 

3 

17 

125.31 

7 

10 

37  7 

93.87 

10 

39 

19 

31.14 

10 

42  58 

93.78 

10 

41 

19 

31.13 

11 

59  27 

92.80 

12 

1 

49 

32. 1  1 

12 

6  6 

92.70 

12 

3 

29 

32.52 

10 

9 

15  22 

224.79 

9 

20 

51 

6.75 

9 

27  54 

225.58 

9 

24 

:,:, 

6.86 

11 

10 

49  17 

258.68 

10 

52 

17 

71.61 

10 

55  53 

258.83 

10 

53 

10 

71.5S 

15 

12 

22   7 

256.19 

12 

27 

4 

90.28 

12 

33  24 

256.17 

12 

28 

9 

90.33 

24 

8 

30  26 

172.72 

8 

32 

50 

17.09 

8 

37  30 

174.78 

8 

34 

33 

17.06 

10 

49  44 

214.99 

10 

5  1 

4 

23.84 

10 

59  1 

215.69 

10 

56 

12 

23.80 

*  Single  distances. 
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TRAJECTORY  OF  THE  POLE  FOE  COMPUTING  LATITUDE-VARIATIONS  IN  1898, 

By  S.  C.  CH  wdi.ki:. 


The  follov  ariations  of  latitude  in 

L 898  are  a  continuation  of  those  given  in    [.J., XVTI,  63, 
ami  an  ted  on  1  he  same  formulas  used  for 

\  ears  past. 

Coordinates  of    mm    Poli    fob   1 898. 


pillar 

Polar 

1898 

X 

y 

r 

u 

t 

Jan.    L9 

0.042 

H0.182 

0.187 

347.0 

Feb.     8 

+0.035 

.217 

.220 

9.2 

28 

.109 

.232 

.256 

25.2 

Mar.  20 

.170 

.221 

.279 

37.6 

Apr.      9 

.213 

.  1 88 

.28  l 

18.6 

29 

.234 

.135 

.270 

60.0 

May    19 

.232 

+0.070 

2  1 2 

73.2 

June    8 

.205 

-0.005 

.205 

91.4 

28 

.159 

.080 

.178 

116.7 

July  18 

.098 

.1  17 

.177 

146.3 

\          • 

+  1  MIL'S 

.198 

.200 

L72.0 

27 

1 

.233 

.237 

190.7 

Sept.  16 

.109 

.242 

.265 

204.2 

Oct.     6 

.Kii' 

.226 

.278 

215.6 

26 

.199 

.is: 

.273 

226.8 

Nov.  15 

.213 

.131 

.250 

238.4 

1  tec.     5 

;207 

-0.061 

.216 

253.6 

25 

.179 

-Hum; 

.180 

275.1 

45 

-0.135 

+0.090 

0.162 

303.7 

r  variations  of  latitude  I'm-  lour  principal  meridians 
are  given  below,  computed  from  the  Eoregoing  table  and 
formul 


c      v'    =  x  sinl  —  y  cos;. 


■r  cos(a+A) 


V  LRIATIONS    OF. 

Latum  di 

IX    is;  is. 

T-To- 

L898 

Pulkowa 

Paris 

Wasliinmi.u 

Jan     19 

0.136 

0*168 

o.lso 

—0.082 

Feb.     8 

.205 

.219 

.218 

0.015 

28 

.255 

.251 

.236 

+0.054 

Mar.   20 

.277 

.254 

.228 

.116 

Apr.     9 

,270 

.232 

.107 

.165 

29 

.235 

.185 

.1  1  1 

.198 

Ma\    19 

.178 

.122 

.070 

.2 1 1 

June    8 

.099 

0.042 

-0.003 

.201 

28 

-0.011 

+  o.ol! 

+  0.07:; 

.17;; 

July  18 

+  0.078 

.120 

.143 

.129 

Aug.    7 

.157 

.186 

.107 

.072 

27 

.224 

.237 

.235 

+  0.O1O 

Sept.  16 

.264 

.261 

.246 

-0.052 

Oct.     6 

.-.'77 

.257 

.232 

.107 

26 

.262 

.228 

.195 

.  1 52 

Nov.  L5 

.221 

.177 

.140 

.178 

Dec.     5 

.157 

.107 

+0.070 

.  1 88 

25 

+  o.(i77 

+0.026 

-o.ooo 

.178 

45 

-0.010 

0.056 

o.osi 

-0.152 

It  may  lie  appropriate  to  add  in  this  place  thai  we  now 
p i.  absolutely  independent  of  the  evi- 
dence in  A.J.  322,  of  the  progressive  diminution  during  the 
past  few  years  of  both  the  period  and  the  radius  of  the 
li's  -t.Tiii.  as  reqxiired  by  the  announced  law  of  the  vari- 
ficieuts  of  that  term.     While  awaiting  fuller 
publication  of  the  results  of  observations   1896-98, 1  take 
this  opportunity  to  state  briefly  the  nature  of  tins  proof. 
Jluded  to  in  A.J.  392. 
The  discussion  of  the  principal  series  of  observations  by 
Talcott's  method,  1889  to  L896,  gives  the  following  values 
of  the  radius,  >\ ,  of  the  f ourteen-months'  term. 


Observed 

Eq.(52) 

Observed 

Eq.  (52) 

L890.0 

0.201 

0.170 

L893.6 

0.130 

0.157 

1891.2 

o.l7o 

0.166 

ISO  1.7 

0.123 

0.152 

1892.4 

0.100 

0.162 

1895.9 

0.114 

0.146 

Again,  from  the  four  series  of  observations  in  the  follow- 


For  Greenwich  cake  simply  y  with  the  opposite  sign. 

. W 

ing  table,  none  of  which  were  used  in  the  determination  of 

the  law  in  question,  we  have  in  the  .second  column  the  ob- 
served Greenwich  date  of  minimum  latitude,  1\,  by  this 
term.  The  fourth  column  contains  the  resulting  observed 
periods;  and  the  tilth  column  the  periods  computed  from 
the  law  developed  in  .1../.  322. 

Ivanoff-Peters,  Pulk.Vert.<  irele, 
Nvren.  •'         "         " 

Gonnessiat,  Lyons  Mer.  circle, 
Various  series,  Talcott's  method, 

In  addition,  the  data  of  the  last  series,  (1889  96),  dis- 
cussed by  themselves,  yield  the  value  425d.8. 

From  these  comparisons  it  would  seem  that  there  can  no 
longer  be  any  reasonable  doubt  that  this  element  of  the 
polar  motion  is  varying,  both  in  dimension  and  velocity, 
substantially  in  the  manner  indicated  by  the  entirely  inde- 
pendent series  of  observations  from  L825  to  1  soo.  employed 
in  the  investigation  referred  to. 


Tl 

Obs'd 

Eq  52) 

1842    19 

2394914 

433.5 

481.6 

L882  89 

2409654 

-»•„'*.:: 

125.7 

1885  93 

241  0939 

426.3 

4-J4.0 

1N,S'.I    >l(j 

2412217 

CONTEXTS. 
Remarks  on  the  Precbssional  Motion:  a  Rejoinder,  by  Simon  Newcomb. 
Note  on  Velocities,  iiy  A.   Hall. 

Nature  of  the  Variations  of  CTPegasi,  by  S.  C.  Chandler 
Announcements  of  Variability. 

Observed  .Mamma  and  Minima  of  Long-Period  Variables,  by  J.  A.  Parkhurst. 
Observations  of  Tethys  and  Rhea,  by  E.  O.  Lovett. 
Trajectory  of  the  Pole  fob  Computing  Latitude-Variations  in  1898.  by  S.  C.  Chandler. 
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OBSEEYATIONS   OF    DOUBLE   STARS, 

By  WILLIAM    J.  HUSSET. 


The  following  list  of  double  stars  is  composed  largely  of 
well-known  binaries  and  of  pairs  in  which  there  has  been 
more  or  less  motion.  In  a  few  cases,  however,  the  stars 
are  relatively  fixed.  Some  of  the  stars  are  close  and 
difficult,  and  in  about  half  the  cases  the  distances  are 
under  J". 

The  observations  have  been  made  with  the  12-inch  and 
36-inch  refractors  of  the  Lick  Observatory.  An  eyepiece 
magnifying,  nominally,  Tito  diameters  has  been  employed 
in  making  all  the  observations  with  the  former  instrument, 
and  no  measures  with  it  have  been  attempted  when  the 
seeing    was    not    good    enough    to   hear   this    power.     The 


powers  generally  used  with  the  large  telescope  were  1000  and 
1500;  higher  powers  were  occasionally  used  for  very  close 
stars,  and  a  power  of  520  for  a  few  wide  ones. 

In  nearly  all  cases  each  position-angle  is  derived  from 
tin1  mean  of  four  independent  settings  id'  the  circle,  and 
each  distance  from  three  double  distances.  The  except  ions 
to  this  are  a  tew  cases  (if  close  or  otherwise  difficull  stars 
for  which  one  or  more  additional  settings  were  sometimes 
made. 

Tin-  positions  of  the  stars  are  for  the  epoch  1900.  The 
aperture  of  the  telescope  used  in  making  the  observations 
is  given  in  the  last  column. 


2 3062. 

a  =  0"  1' 

>  2-     ;     8  = 

+57°  52'.' 

1897.825 

338.4 

1.44 

12 

.830 

336.1 

1.52 

12 

.833 

339.3 

1.45 

12 

.868 

335.7 

1.68 

12 

1897.84 


337.4 


1.52 


2'  24. 
a  =  01'  13"'  19s     :     8  =  +25°  35'J 
1897.721  246.3  5.32  36 

.7(12  248.6  5.10  36 


1897.74 

247..-, 

:..•_' 1 

No  change 

/3  395. 

a  =  0h 

32' 

1  128     ;     8 

=  —25°  19' 

0 

L897.910 

277.1 

0.32 

36 

.913 

L'74.5 

0.26 

:;i; 

.932 

273.8 

0.34 

36 

L897.92 

275.1 

0.31 

Binary. 

la] 

id  change  s 

nee  1891 

I  <  'assiopeae. 

a  =  01' 

43 

'  3s    ;    8 

=  +.-.7     17'. 

1 

L897.64  t 

212.6 

5.16 

36 

.682 

209.4 

5.06 

36 

.762 

212.3 

...IIS 

:;<; 

.830 

211.9 

5.26 

12 

.833 

211.3 

5.22 

12 

1897.75 


I'll..-. 


5.16 


2  7:;  = 

.'!(i  Andromedae. 

a  =  01'  49"' 

37-     ;     8  =  +23°5'.2 

1S97.7^'l 

16.3            1.22 

:;r, 

.7(11' 

16.7            1.16 

:;<; 

.778 

15.2            1.16 

36 

.825 

17.1           0.97 

12 

.868 

18.5           1.29 

12 

1897.79 

16.8           1.16 

/31028 

=  y  Cassiopeae. 

a  =  01'  50"' 

40s     ;     8  =  +60°  lO'.f 

1897.664 

254.5           2.09 

36 

.989 

2.V..S           2.11 

36 

1897.83 

255.2           L'.li) 

No  change  in 

angle  or  distance  since 

iirst 

measured  by  Br 

KNHAil  in  1SS8. 

02  515 

=  q  Andromedae. 

a  =  l1'   3'" 

42-      :     0  =  +4(1    42'.5 

1897.625<" 

58.0           0.34 

36 

.950 

243.7           0.24 

36 

.989 

61.6          0.24 

:;i; 

1897.85 

61.1           0.27 

(!)  Estimated  d 

istance  0".20. 
ft  2036. 

a  =  l1'  15" 

3s     :     8  =  -16°20'.2 

1897.926 

16.5           1.51 

12 

.948 

17.1            1.36 

12 

1897.94 

17.o           1.44 

The  angle  has  decreased  36   since  1831 

. 

u   =   l1' 

1897.721 
.762 

y  Andromedae. 

57'"  5(1-      :      8  =  +41     51 '.n 
A  and  BC. 

63.2  10.44           36 

63.3  10.36           36 

1897.74 

1897.950 
.989 

63.2         10.40 

BC=  02  38. 

120.7  0.33 

114.8  0.27 

36 
36 

1S-.t7.97 


117.S 


0.29 


2227  =  i  Trianguli. 

a  =  21'  (3'"  34-     :     8  =  +29°  50'.  1 


L897.721 

74.9 

4.08 

11' 

.740 

75.9 

3.74 

12 

1897.73 

75.  1 
2228. 

3.91 

a  =  2"  7 

'"   38        :      S 

=  +47°  l'.l 

1897.721 

2.57. 5 

0.53 

36 

.762 

256. 1 

0.55 

3d 

.778 

260.0 

0.62 

36 

1897.75 


258.0  0.57 


2412.     7  Tauri. 

a  =  31'  28m  31-      :      8  =  +24     7'.7 

1897.995  192.9  0.23 

£533. 

a  =  3h  29m  24s     ;     8  =  +31°  20'.8 

1897.995  230.2  0.60 

(141 


36 
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"V  ,;,-,. 


a  =3"  4  1     l» 


L897.910 
.913 


203.7 
203.9 


8  =  +■-'.->    16'.7 

0.56 
0.61 


12 
36 


1897.9] 


203.8 


02  7  1. 


0.59 


a  =  4>>  G" 

=  +9°  23'.5 

1897.950 

294.3 

0.38          36 

989 

293.3 

0.36          36 

.995 

293.  6 

0.32          36 

1897.98 

293.7 
0  552. 

0.35 

a  =  4h 

W 

11      ;     S 

=  4-13=  -J'.'  .2 

1897.913 

193.7 

0.49          36 

.950 

192.2 

0.45          36 

.989 

194.2 

0.36          36 

1897.95  L93.4 

Rapid  binary. 


0.43 


0282. 

a  =  4"  17'"  4-     :     8  =  +14^  49'.8 

1897.910  L36.8  0.72  12 

.013  L34.0  0.74  36 

.926  132.0  0.57  12 


1897.92 


a  = 

L897.913 
.950 
.989 


L34.3 


0.68 


0SS3. 
40«     ;     8  =  +10°  53'.8 
212.8  0.33  36 

215.0  0.26  36 

216.5  0.22  36 


1897.95  214.8 

Rapid  binary. 


0.27 


0.298  _  14  Orionis. 

a  =  &•  2'"  28"     :     8  =  +8°  22'.  1 

L897.868  182.3  1.16  12 

.777  L85.8  0.96  12 

.885  183.1  t.02  12 

L897.88 


183.7 


1.05 


2'  728. 

a  =  •'>>•  25m  26'     ;     8  : 

1897.950'"        L54.8 
.989  L68.2 


=  +.V  52'.3 
0.21  36 

0.24  36 


1897.97  161.5  0.22 

|  '■)  Estimated  distance  u".15.  Not  separated. 

2  749. 

a  =  5*  30™  54-     ;     8  =  +26°  51'.7 

1897.961  188.6  0.97  12 

.975"'        188.0  0.89  12 

.978  188.0  0.89  12 


1897.97  Ins.-  0.92 

(])  Brighter  star  certainly  north. 


02  112. 

o  =5h  SB™  3-    :    8  =  +■:'    54'.1 


1897.961 
.9t5 

.'J7S 

L897.97 


a  = 

L897  '."'.1 
.975 
.978 


ro.8 

72.7 
n  .3 


0.77 
0.69 
0.79 


12 
12 

12 


72.6 


<i. 


•  •> 


02115. 
48"     :     S  =  +15    l'.2 

121.9  o.7t  12 

118.5  0.74         12 

118.2  O.07         12 


L897  'T 


l  L9.5 


o.72 


02  119. 
a  =  51'  42m  29"     ;     8  =  +7°  B5'.5 
1897.961  321.9  0.64         12 

.971  327.6  0.73         12 

.978  323.1  0.70         12 


1897.97 


324.2 


0.69 


2  881. 

a  =  6>>   IS"   11-     ;     8  =  +59°  24'.9 
1897.992  104.6  0.87         12 

.995  lol.  I  o.02         36 

1897.99  lol.:> 


0.90 


a  =  6h  30" 
1897.9K* 
.926 
.950 

.07.'. 


02\  lo. 

11       :     8  = 

27S.O 
270.S 
279.6 

270.0 


+27c  21'." 

0.82  12 

O..S2  12 

0.58  36 

0.80  12 


L897.94  27S.1 

Angular  motion  about  70: 

2-935. 

a  =  0h  30"'  34"     ;    8  : 
1897.992  322.8 

.007,  322.8 


0.77. 
since  1S48. 

=  +52°  22'.8 
3.24         12 
3.53         36 


1S07.00 
No  change. 

a  =  6h  33" 

18! I  7. 002 

.007, 


322.8 

2  945. 
20"     :     8 
266.0 
269.7 


3.38 


=  +41D  3'.5 
0.85         12 
0.7S         36 


1S07.00 


267.8 


0.81 


2:0  is  =  12  Lyncis. 
6h  37m  24»     ;     8  =  +59°  32'.6 
AB. 


1S07.S0S 

.877 


.oio 


121.1 

120.3 
119.3 
I  L9.2 


1.58 
1.57 

1 .57 

1.7,2 


12 
12 

12 
12 


1897.89 


12u.il 


AC. 
1897.868  306.2 

AC  unchanged. 


1.56 


8.62 


12 


Sirius. 

6*  40'"  44-     :    8  =  —16° 


L897.206 


186.6 


3.78 


36 


is: i :  835 
.989 

.007, 


177,.  I 
171.7 
175.0 


3.9S 
l.ol 


36 
36 
36 


1S07.21 
1897.94 


lso  r, 
175.0 


3.78 

l.ol 


A  power  of  520  was  used  In  making  the 
first  and  second  observations,  and  one  of 

i I  the  third  and  fourth.    The  results 

for  1897.989  were  derived  from  ten  Bettings 
of  the  micrometer,  giving  174  .,;7  0  .13  and 
0  .02.  \t  Hi.'  lime  this  observa- 
tion was  made  the  seeing  was  excellent,  ami 
there  was  no  wind.  The  companion  was 
seen  with  meat  distinctness,  and  the  indi- 
vidual settings  of  ti  6  micrometer  could  be 
made  with  the  same  degree  of  accuracy  as 
for  any  other  double  star  of  this  distance. 


a  =  &>    H 
1897.002 

.007, 


02 17,0. 
33*     ;    8  =  +18°  18M 
301.7  O.07 

30.-..  7  0.64 


1S07.00 


303.7 


0.05 


2963  =  14  Lyncis. 


a  =  *;>■  44" 
1897.S77 
.885 
.910 


16"    ;    8  =  +:,'.'    34'.0 
72. 8  0.7,1 

75.2  0.45 

74.3  0.50 


1S07.S0 


74.1 


i ,..-,( i 


2"  1037. 
a  =  V'  ti'"  38"     :     o  =  +27     28', 
1897.910  301.3  0.90 

,926  304.1  o.oo 

.077,  304.1  0.07 


12 
12 
12 


1897.94 


303.2 


21074. 
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REQUEST    FOE    UNPUBLISHED    OBSERVATIONS    OF    ALGOL. 

Mr.  A.  Pannekokk,  of  the  l.<>  il.-ti  Observatory,  requests  thai   any  unpublished   observations  of   the  brightness  of   Algol  be  sent 
him,  for  us.-  in  a  discussion  of  its  variability. 
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THE  ABERRATION-CONSTANT  OF  THE  FRENCH  CONFERENCE, 

JSy  s.  c.  chandler. 


The  desirability,  indeed  the  pressing  need,  of  a  common 
system  of  clock-stars  for  general  use  lias  long  been  recog- 
nized. As  succinctly  stated  by  Prof.  Hall  (A.J.  XIV,  66), 
the  adoption  of  such  a  system,  "  even  if  not  the  best  pos- 
sible, would,  as  pointed  out  by  Bessel  long  ago,  introduce 
order  and  harmony  into  our  observations,  and  render  them 
more  easy  of  reduction.''  The  want  of  it  has  undoubtedly 
injured  the  symmetry  of  much  of  our  astronomical  work  up 
to  the  present  time,  and  increased  the  labor  attendant  upon 
its  proper  utilization. 

It  is  generally  known  that  I'rof.  Newcomb  desired  and 
intended  to  prepare  and  introduce  into  the  American  Ephem- 
eris,  with  the  year  1900,  a  new  list  of  fundamental  stars, 
and  that,  in  view  of  his  anticipated  retirement  from  the 
Superintendence  in  1897  —  enforced  by  the  operation  of  a 
peculiar  and  absurd  law  relative  to  the  United  States  Navy, 
under  which  he  held  his  office  —  work  had  been  pressed 
forward  to  that  end,  as  well  as  upon  new  determinations 
of  the  fundamental  constants,  which  were  to  be  similarly- 
introduced. 

At  about  the  same  time  it  happened  as  a  coincidence 
that  an  agitation  was  begun  looking  to  an  agreement 
among  the  various  national  astronomical  almanacs  for 
the  adoption  of  a  common  system  of  fundamental  stars. 
This  resulted  in  the  organization,  under  the  initiative  of 
the  Bureau  des  Longitudes,  of  a  conference  of  the  directors 
of  the  various  astronomical  ephemerides,  to  be  held  at  Paris 
in  1896.  The  proposed  constitution  of  this  conference 
was  that  each  country  interested  should  be  represented  by 
two  delegates.  The  actual  constitution  of  the  body,  in  its 
meetings  for  deliberation  held  on  May  18,  19,  20  and  21, 
1896,  consisted  of  four  representatives  from  France,  two 
from  England,  and  one  each  from  Germany,*  Russia,  the 
Netherlands  and  the  United  States.  This  body  was  called 
the  "Conference  Internationale  des  Etoiles  Fondamentales." 

At  its  first  meeting  a  program,  prepared  by  Prof.  New- 
comb,  was  placed  before  it,  and  adopted  after  some  amend- 
ment, as  the  basis  of  its  deliberations.  This  program, 
besides  the  ostensible  object  of  the  gathering,  embraced  a 
subject  only  collaterally  connected  therewith  ;  namely,  the 
selection  of  a  new  set  of  values  of  the  solar  parallax,  the 
precession,  the  aberration  and  the  nutation  constants,  as 
well  as  some  subsidiary  topics.  Decisions  upion  these 
questions  were  reached  which  were  briefly  announced  during 
the  summer  of  1896.  Put  the  Proces-  Vervaux,  from  which 
alone  astronomers  could  form  an  intelligent  opinion  with 
regard  to  these  decisions,  were  not  distributed  until  nearly 
a  year  later — and  then  very  sparingly,  considering  the 
vital  interest  which  the  astronomical  world,  generally,  had 
*  Dr.  Auweks  beintr  unable  to  attend. 


in  tin'  matter,  and  its  right  by  courtesy  to  lull  information 
with  regard  to  legislation  in  which  it  had  no  voice.  At 
least  on  this  side  of  the  Atlantic  it  has  been  exceedingly 
difficult  to  obtain  a  sight  of  these  debates.  This  tact  is 
sufficient  warrant  for  the  space  here  given  to  the  descrip- 
tion of  the  formation  and  proceedings  of  this  legislative 
congress.  It  also  furnishes  the  explanation  why  the  open 
discussion,  from  the  outside,  of  the  wisdom  of  this  legis- 
lation has  been  necessarily  delayed  ;  for  manifestly  no  in- 
telligent debate  upon  the  subject  could  be  opened  until  the 
reasons  advanced  in  favor  of  the  decisions  could  be  atten- 
tively examined.  In  particular  the  point  upon  which 
astronomers  were  especially  curious  to  be  informed  was 
the  nature  of  the  pressure,  which  the  French  Conference 
seemed  to  feel,  calling  for  immediate  action  with  regard  to 
the  constants  at  a  time  which  seemed  to  be  inopportune. 
In  this  regard  it  is  unfortunate  that  the  policy  of  precipi- 
tating the  adoption  of  new  constants  in  the  almanacs  so 
early  as  1901  had  an  unwholesome  tendency  to  forestall 
and  prevent  open  discussion  by  astronomers  generally,  who 
have  as  great  an  interest  in  the  matter  as  the  compilers  of 
these  publications,  and  who  will  insist  upon  a  voice  in  its 
ultimate  decision.  The  unfortunate  tendency  spoken  of 
will  of  course  meet  an  efficient  counteractive  in  the  self- 
respecting  resistance  to  what,  in  effect  —  although  undoubt- 
edly not  in  intention  —  was  usurpation  of  authority.  For 
it  is  not  to  be  supposed  that  astronomers  will  consent,  or 
conform  their  practice,  to  a  change  —  especially  to  an  ill- 
advised  and  hasty  one  —  until,  on  deliberate  consideration, 
it  appears  for  the  interest  of  astronomical  science  to  make 
it.  It  is  indeed  singular  that  the  Congress  did  not  appear 
to  perceive  the  true  nature  of  the  relation  of  the  almanacs 
to  astronomy,  as  a  serving  and  not  a  governing  agent;  nor 
apparently  appreciate  either  the  limitations  of  its  own 
powers  or  the  suicidal  tendency  of  its  mode  of  reaching  the 
desired  object ;  —  nor  foresee  that  the  result  would  neces- 
sarily be  a  diversity  instead  of  a  unity  of  practice  of  as- 
tronomers as  to  the  constants  in  use  in  the  immediate 
future,  and  would  postpone  the  time  for  a  final  agreement, 
instead  of  accelerating  it  —  while  it  would  incidentally 
diminish  the  usefulness  and  influence  of  the  almanacs 
themselves.  It  may  be  added  that  the  failure  of  the  Con- 
gress to  secure  concert  of  action  even  among  its  own  self- 
limited  membership  —  as  evinced  by  the  independent 
initiative  taken  by  one  of  them  in  a  premature  adoption 
of  the  proposed  values  a  year  in  advance  of  the  others  —  is 
a  matter  of  concern  only  to  the  Congress  itself. 

The  foregoing  remarks  will  acquaint  many  astronomers, 
who  have  no  access  to  the  Proces-Verbaitx  of  the  French 
Conference,  with  the  influences  and  process  of  events  that 


150 


THE     ASTRONOMICAL     JOURNAL. 


N°-427 


have  itters   which   so  importantly  affect  their 

the  present   pass;  and  will  make  self-evident 
that  the  i  for  a  polemic  discussion       so  much  to  be 

deplored  and  avoided  where  possible  —  is  net   properlj  to 
be  laid  at  the  door  of  the  objectors  to  the  adopted  pi 
and  <rill  more  self-evident  that  no  apol 
treating  the  decisi  I  as  a  proper  subject 

inquiry.     1 1  i        l  11  may 

remarked  thai  astronomers  will  be  at  no  diffii 
in  deciding  whether  any  profound  knowledge  of  Lexi- 
cography is  needed  to  judge  oi  the  propriety  of  Prof. 
B — 's  use  of  language  in  his  argument  in  the  two  para- 
graphs at  the  bottom  of  p.  113  and  at  the  top  of  p.  Ill 
I  \.-i.  123),  and  whether  the  remarks  of  Prof.  Newcomb 
thereupon,  near  the  bottom  oi  p.  L37  [A.J.  126),  arc  quite 
just.     It   seems  I  iect,  in  view  of  the 

lint  which  the  almanacs  unavoidably  put  upon  the 
computing  practice  oi  astronomers,  that  the  administrators 
of  these  public  institutions  should  be  delicately  solicitous 
as  to  the  wishes  oi  h  uli  regard 

to  the  basis  of  their  construction. 

A.s  one  of  the  users  1  now  take  the  liberty  to  say  some- 
thing about  the  decision  of  the  French  Conference  upon  the 
onstant.  I  can  neither  pretend  nor  hope,  in 
doing  this,  to  accomplish  so  felicitous  a  combination  of 
sound  science  and  forcible  rhetoric  —  from  the  use  of  which 
Prof.  Newcomb  seems  so  averse  —  as  is  embraced  in  Prof. 
1  loss's  admirable  and  unanswerable  statement  in  regard  to 
tin-  precession-constant. 

As  to  the  aberration-constant  it  is  apparent  beyond  the 
need  of  contention  that  no  time  within  the  past  half-century 
could  have  been  so  inopportune  tor  a  change  as  the  present. 
The  number  of  investigations  unfinished,  unreduced,  and  in 
inception  —  the  results  of  which  will  be  shortly  forth- 
coming, and  which,  imperatively,  should  be  awaited  —  has 
been  so  great  as  now.  At  no  previous  time  could  we 
so  appropriately  say  that  the  true  value  of  this  element  is 
an  unknown  quantity,  or  with  .so  much  reason  exercise  a 
reserve  of  opinion  a.s  to  its  real  amount.  Those  who  are 
most  intimately  acquainted  with  the  present  condition  of 
the  sub  ost  at  a  loss.     Each  successive  research 

has  its  principal  result  in  upsetting  previous  ideas  and 
ug  caution  as  to  preconceived  notions,  For  one, 
having  bestowed  much  work  upon  it  for  some  years,  I  am 
willing  to  confess  that  I  have  less  definite  ideas  about  it 
than  before  1  began;  so  that  now  I  am  prepared  to  hazard 
only  the  opinion  that  the  limits  20". 48  and  20".58  will  prob- 
ably comprise  the  true  value  when  ultimately  found  :  and 
that  any  quantity  outside  this  rathei  liberal  range  ha 

-  in  its  fa  or.  At  anj  rate,  however,  I  apprehend 
that  a  much  more  cogent  plea  could  be  set  up,  from  the 
present  standpoint  of  our  knowledge,  for  a  value  of  20".53, 
for  example,  than  for  that  of  the  Conference. 


It  seems  to  tin'  i  most  significant  circumstance  that  the 
results  of  most  recent  Lnquirj  continually  tend  to  reinforce 
the  result,  which  at  one  t  inie  appeared  abnormal,  of  N  \  aiN's 

prime-vertical  observations  of  L87S  82;  which  have  1 d 

characterized,  A.J.  Mil.  p.  65,  as  "altogether  the 

contribution  to  the  knowledge  of  the  aberration  constant  in 

the   annals   of  astronomy "      a  position  oi    pre-eminence 

which  they  still  easily  hold,  in  my  opinion.  The  result  oi 
tin'  investigation  of  this  series,  in  two  parts.  1  have  there 
given  as  20".516  and  20". 534.  Mr.  Newcomb  has  himself 
testified  (p.  36  of  the  proces)  in  reply  to  the  criticisms  of 
Mr.  Loewt,  that  he  has  also  discussed  these  observations 
in  everj  possible  manner,  and  has  always  arrived  at  the 
same  result.  20".52  or  20".53. 

Quite  as  significant  also  is  the  circumstance  that  the 
value,  20".57,  which  comes  from  the  solar  parallax  I 
li\  N  i  wcomb  from  the  mass  of  the  earth,  through  the  secu- 
lar variations  of  the  orbits  of  the  lour  inner  planets,  seems 
to  make  it  easy  to  reconcile  the  conclusions  of  gravitational 
theory  with  what  a  few  years  ago  would  have  been  re. 
as  the  rather  improbable  and  apparently  excessive  values, 
according  to  the  ideas  then  generally  held,  of  the  aberration 
towards  which  direct  observations  have  recently  tended. 
For  it  must  be  noted  in  passing  that,  by  the  irony  of  fate, 
the  three  determinations  of  the  aberration  published  since 
the  choice  of  20".47  by  the  French  Conference,  are  20".55 

il) jtti.ki.   l'ii".:,;;:;   (Pergola),  and   20".57   (Fenlay)  ; 

while  a  fourth  research,  still  more  recent  and  not  yet  pub- 
lished, of  the  highest  order  of  excellence  and  authority, 
which  I  do  not  yet  feel  at  liberty  to  name,  is  likely  to  yield 
a  still  larger  value.  These,  with  other  recent  determi- 
nations of  which  I  will  quote  only  20".457  (Columbia), 
20".475  (Strasshurg),  and  20".511  (Berlin),  illustrate  the 
highly  diversified  character  of  our  information.*  The 
cause  of  this  variegation  will  be  diligently  sought,  and  we 
may  feel  confident  with  satisfactory  results,  in  a  verj  near 
future,  when  the  definitive  results  of  these  and  many  other 
similar  investigations  now  on  foot  can  be  collated.  Mean- 
time, that  a  settled  decision  upon  the  question  is  untimely, 
seems  beyond  debate. 

It  is  now  necessary  to  say  something  about  the  proceed- 
ings of  the  French  Conference  in  this  matter.  In  offering 
his  proposition  for  the,  adoption  of  the  value  20".47,  «  Inch 
was  accepted  by  that  hod\ .  Mr.  I,m  wv  premised  (p.  :;i  of 
the  proces)  that  three  years  ago  i /'.<'.  iii  1893)  Ije  hail,  in 
conjunction  with  Mr.  Puisei  \.  made  a  research,  nol  yet 
published,  which  consisted  in  the  assi  mblage  of  all  determi- 


*In  addition  to  what  has  been  said  in  the  article  above,  1  should 
add  that  since  it  was  in  type  there  has  come  to  hand  from  Professor 
Dooi.itti.k  a  determination,  from  his  ohservations  of  1896-7,  with 
the  beautiful  Instrument  with  which  lie  is  now  prosecuting  his  work 
ai  !h,  Flowei  Observatory  of  the.  University  of  Pennsylvania.  This 
value  is  20*.572.  It  is  hoped  to  present  this  contribution  ot  Doo- 
i  1 1 1 a  i   ~  in  i  la-  ne\i  number  of  the  Journal. 
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nations  of  the  aberration  then  known,  and  their  combina- 
tion by  newly  assigned  weights.  The  rule  was  imposed,  it 
is  said,  "of  conducting  the  discussion  with  entire  impar- 
tiality." It  appears  from  his  description  that  this  im- 
partiality consisted  in  "abstaining  from  the  application  to 
the  published  numbers  of  any  empirical  corrections  what- 
ever, of  more  or  less  doubtful  origin,  and  of  rejecting  even 
hypotheses  sufficiently  plausible  which  might  have  justified 
certain  corrections."  What  is  meant  by  these  "  empirical 
corrections"  and  "plausible  hypotheses"  is  not  distinctly 
stated,  but  I  think  we  can  conclude  by  inference  —  first, 
from  his  known  very  liberal  degree  of  incredulity,  from 
the  beginning,  with  regard  to  the  phenomenon  of  the  varia- 
tion of  latitude ;  secondly,  from  his  criticism  of  Prof.  New- 
comb  for  having  introduced  the  variation  of  latitude  as  an 
element  in  the  determination  of  the  aberration  ;  thirdly, 
from  his  specific  characterization,  in  the  same  debate,  of 
this  variation  as  a  "rectification  empirique" —  that  this 
omission  to  consider  the  variation  of  latitude  was  an  im- 
portant feature  of  the  impartiality  which  he  imposed  upon 
his  treatment  of  the  aberration,  as  described.  If  I  am 
not  correct  in  this  inference  I  shall  be  glad  to  make  due 
apology. 

Now,  there  are  a  very  considerable  number  of  astronomers 
in  the  world  who  believe  that  the  phenomenon  of  the  vari- 
ation of  latitude  has  taken  its  place  in  the  body  of  approved 
astronomical  knowledge,  by  the  force  of  the  combined  labors 
of  its  many  investigators,  as  firmly  as  the  precession  and 
nutation  of  the  equinoxes  or  as  the  aberration  of  light.  A 
very  considerable  proportion,  too,  think  that  a  sufficient 
knowledge  of  the  laws  of  these  variations  has  been  reached 
to  enable  us  to  take  account  of  them  in  the  determination 
of  the  various  fundamental  constants,  and  that  it  is  especially 
futile  to  attempt  to  find  the  amount  of  the  aberration  by 
ignoring  them ;  so  that,  if  we  do  ignore  them,  our  results 
must  be  rejected. 

Now  Mr.  Loewt  is  of  course  free  to  hold  any  opinion 
upon  this  subject  that  commends  itself  to  his  mind,  but 
when  he  asks  consideration  and  adoption  of  a  value  of  the 
aberration-constant  determined  by  a  process  which,  in  effect, 
turns  back  the  hands  upon  the  dial  of  astronomical  pro- 
gress, his  proposition  becomes  a  proper  subject  for  criti- 
cism. It  is  much  to  be  regretted  that  his  treatment 
of  the  aberration  exists  only  in  manuscript  and  is  not  ac- 
cessible for  examination.  But  such  information  as  he  has 
presented  permits  us  to  make  one  or  two  pertinent  com- 
ments. From  his  remarks  about  the  character  and  weight 
which  he  attributes  to  W.  Struve's  result,  it  is  manifest 
that  it  has  contributed  not  unimportantly  to  define  his 
mean  value.  But  his  refusal  to  recognize  the  latitude- 
variation  must  have  gravely  prejudiced  this  mean  value  ; 
for  it  has  been  shown  that  Struve's  determination,  beyond 
all  others  of  a  high  class,  is  unfortunately  so  involved  with 


the  latitude-variation  that  the  aberration  is  very  nearly  in- 
determinate from  it.  All  that  can  be  said  is  that  it  indi- 
cates a  constant  somewhere  between  20".47  and  20".50. 
Mr.  Lokwy  has  used,  without  change,  the  original  value, 
which  is  now  proved  to  be  fallacious.  I  submit  that  it  is 
incumbent  upon  'him  to  destroy  the  validity  of  the  argu- 
ment in  A.J.  XIII,  pp.  57  foil.,  before  we  can  accept  his 
method  of  dealing  with  this  determination,  as  well  as  with 
others.  He  must  also  be  asked  to  do  the  same  with  the 
argument  in  vol.  XJI,  p.  178,  where  it  is  demon  hated  that 
all  determinations  of  the  aberration  from  zenith-distances 
of  a  single  star,  on  one  side  of  the  pole  only,  are  fallacious. 
LTntil  he  does  this  we  must  exclude  his  determination  if  it 
contains  results  found  in  this  manner,  as  is  probable.  Again 
he  mentions  the  fact  that  he  has  taken  Kdstker's  result 
of  1884-5  as  originally  given,  20". 31,  while  Newcomb  has 
used  20".46  as  corrected  for  variation  of  latitude.  I  may 
incidentally  suggest  that  there  is  probably  some  oversight 
of  Prof.  Newcomb  here,  as  I  get  from  this  series  20".61. 
It  is  possible  that  Newcomb  has  overlooked  the  fact  that 
Kustner's  absolute  terms,  in  the  equations  on  pp.  38-44  of 
his  memoir,  require  correction  by  twice  the  latitude-varia- 
tion. At  least  this  would  account  for  our  different  results. 
But  whether  this  is  so  or  not,  Loewy's  result  is  vitiated. 
But  it  is  unnecessary  to  go  any  farther  into  details.  Let 
us  come  back  then  to  the  essential  position,  which  is  this  : 
The  time  is  unripe  for  any  decision  as  to  the  constant  of 
aberration.  The  immediate  future  is  rich  with  promise  of 
fruitful  contributions,  which  must  be  awaited.  We  do  not 
want  to  run  the  risk,  almost  .certainly  imminent  if  the 
action  of  the  Conference  is  adhered  to,  of  having  to  make 
two  changes  within  a  brief  period,  in  this  important  ele- 
ment of  computation.  The  temporary  retention  of  the 
confessedly  imperfect  value  at  present  in  use  will  simplify 
the  process  of  correcting  existing  observations,  when  we 
can  intelligently  make  a  change.  The  insignificant,  prema- 
ture and  necessarily  provisional  alteration  of  only  0".025 
will  only  serve  to  increase  the  vexation  in  making  such 
corrections.  Our  position,  to  sum  up,  is  therefore  identi- 
cal with  regard  to  the  precession  and  aberration.  There 
can  be  no  dissenting  voice  against  the  wisdom  of  Prof. 
Newcomb's  aphorism  (p.  24  of  the  proces)  that  "it  is  always 
inconvenient  to  change  the  fundamental  numbers  of  As- 
tronomy, but  it  sometimes  happens  that  a  large  change 
brings  less  confusion  than  a  slight  modification."  It  is  a 
pity  that  the  Conference  should  not  have  paused  to  reflect 
on  the  pregnancy  of  this  saying  before  committing  itself 
to  corrections  numerically  smaller  than  their  probable 
errors. 

Finally,  let  not  Prof.  Newcomb  give  way  to  despair  because 
"  the  time  will  never  arrive  when  astronomers  will  all  agree, 
as  to  what  are  the  most  probable  values  of  the  astronomical 
constants."     It  indeed  never  will.     We  are  not  waiting  for 
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i  think.     Whoever  expects  il  maj  d 
i.l  fancy  without  regret,  as  having  nothing  to  do  with 

the  prosi I    for  an  agree nl  upon  conventional  values, 

dl  materia] 
■..  grasp.     However  diverse  its 
.  harmony  of  view  as  to  its  interpretation  and  use 
will  t'  ise  the  art  of  dis- 

,.-i.i ! tii-  observations  will  not  mean- 
while have  been   lost;  secondly,  bei  occasion  for 
further  waiting  will  then  have  disappeared,  and  no  factious 
ng  tin'  account  and  strik  ini  e  can 


reasonably  stand  in  the  face  of  the  common  sense  of  astrono- 
mers. <  'an  any  one  have  so  poor  an  ideaoi  the  intelligence, 
open-mindedness  ami  disposition  t<>  work  for  the  common 
good,  nl'  in--  brethren  in  science,  that  be  cannol  join  in  this 
hope!  nl  \  iew  '.' 

Tin'-  ms  of  dissent  from  the  < elusions  of  the 

Conference  are  strong,     lint    I   must   ask   as  a  right  that 
they  In-  n.it   regarded  as  implying  any  want  of  respect   for 
tin-  eminent  scientists  who  composed  it.  whose  brilliant  at- 
tainments we  all  cherish  in  common  as  the  proud  net 
oi   our  science. 


ON    Till':    1NTKNSITY    OF 


THE    [MAGE   OF   AX    DEFINITE    LUMINOUS   A.REA; 
A    REPLY, 

Bi    .1.   M.  SCHAEBERLE. 


1  desire  t..  reply  very  briefly  to  Prof.  W  adswokth's 
remarks  in  A.J.  424  (received  to-day),  so  far  as  thej  con- 
cern my  note  in  A.J.  421;  and,  in  order  to  save  space,  1 
shall  refer  to  dread]  printed  in  the  Astronomical 

iking  quotations. 

My  interpretation  of  Lord  Ratlbigh's  language  as  quoted 
on  page  1-1  (A.J.  li'li  differs  from  Prof.  Wadswokth  in 
tli  is  particular:  the  point  "0"  and  ■•  any  other  point"  are  — 
1  take  il  nol  onlj  in  the  same  focal  plane,  but  the  focal 
distance  of  this  plane  is  supposed  to  be  constant  for  the 
.-ase. 

1  confess,  therefore,  that  1  really  did  think,  and  still  do 
Prof.  W  M'sw •iii:tii  (although  misled  by  an  am- 
biguous statement  ..I  R  \\  leigh's),  is  alone  responsible  for 
the  statement  whose  truth  I  called  in  question.  I  realize, 
however,  that  in  holding  this  view  1  may  unknowingly  be 
doing  him  an  injustice 

The  revised  formulas  which  Prof.  Wadsworxh  deduces 
in  A.J.  1-1  I  am  unable  to  accept  as  correct.  He  now  finds 
that  his    previous    expression    for    the    intensity   must    he 

multiplied  by     :  ...    in  which  ]>  represents  the  distance  of 
Lick  Observatory,  University  of  Calif  ornia,  1898  Jan.  21. 


the  luminous  source  from  the  objective,  and  /  denotes  the 
focal  length. 

Now,  it  is  well  known  that  the  intensity  of  a  large  (infi- 
nite) luminous  surface  (//../  the  image  of  this  surface  when 
i  ii.    Eocal  Length  varies)  per  unit  of  angular  area  is  tin 

at    all    distances.         Yi't.    according    to    l'roi .    WaDSWOBTH's 

revised  formulas  it'  I  interpret  them  correctlj  the  in- 
tensity of  the  focal  image  l"i'  a  given  value  of  ,/'  is  not  only 
dependent  mi  the  distance  of  the  luminous  area,  hut  actually 
increases  as  tic  square  of  the  distance  increases! 

Leaving  aside  all  consideration*  of  Prof.  \\  LDSWOETH's 
formulas,  his  whole  trouble  in  the  special  ease  of  the  image 
of  an  infinite  luminous  area  seems  to  me  to  be  due.  as  I 
have  already  indicated  in  m\  previous  note  on  this  subject, 
to  a  misinterpretation  of  the  meaning  of  the  integral  given 
on  page  102,  A.J.4.21.  He  calls  it  the  expression  for  the 
intensity;  while  1  hold  that  it  represents  the  total  illumi- 
nation of  the  focal  plane,  and  that  therefore  the  intensity 
(per  focal  unit-area)  at  any  given  angular  distance  from  the 
optical  axis,  must  vary  inversely  as  the  square  of  the  dis- 
tance  (of  this  focal  unit-area)  from  the  objective,  just  as 
the  formulas  leading  up  to  this  integral  also  show. 

♦Referring  simply  to  Rayleigh's  memoir. 


SOLAB    ECLIPSE   EXPEDITION 
A  cable  dispatch  received  at  Ml.  Hamilton  from   Professor  Camp- 
bell., who  is  in  charge  of  tic  Crocker  Lick  Observatorj  Expedition 
at  Jew,  India,  states  that  most  satisfactory  photographs  oi  the  corona 
ibtained  with  three  different  telescopes.     One  sel  with  a  tele 
scope  40  feet  long,  and  two  other  sets  with  five-foot  and  three-foot 
telescopes.     He  also  reports  that  tic  greal  equatorial  extension  of 
Lick  Observatory,  University  oj  I  1898  ■'<<»    24. 


OF   THE   LICK    OBSERVATORY. 

the  corona,  which  formed  such  a  conspicuous  feature  of  tic  eclipse 
of  January,  1889,  has  again  been  photographed. 

He  also  satisfactorily  photographed  the  changes  in  the  solar  spec- 
trum at  the  sun's  edge  with  the  aid  i.t'  one  of  tin-  s] troscopes,  and 

probably  obtained  successful  photographs  of  tin-  reversing  layer  » ith 

the  aid  of  a  second  spi  .  ..p- 

.1.    M.    Si  II  \  I  1:1  111. I  . 
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Prof.  Newcomb  lias  recently  published  a  memoir  (Astro- 
nomical I'ii/irr.i.  Vol.  VIII,  Part  1)  on  precession  which  has 
excited  some  discussion  in  view  of  t lie  possible  adoption  of 
the  value  arrived  at  by  the  principal  astronomical  ephemer- 
ides.  As  the  matter  is  of  great  interest,  I  take  the  liberty 
of  communicating  the  observations  which  the  reading  of 
the  memoir  has  suggested. 

Prof.  Nkwi'o.mb,  on  p.  10  of  his  memoir,  divides  the  work 
of  referring  the  right-ascensions  of  the  stars  to  the  vernal 
equinox  into  three  divisions,  of  which  he  declines  to  con- 
sider the  first  two  because  the  French  Conference  of  1896 
resolved  that,  for  the  future,  the  departure-point  from  which 
right-ascensions  are  to  be  counted  shall  not  be  subject  to 
correction,  but  shall  be  identical  with  that  which  obtains 
with  the  ;>2  stars  of  system  Nv  This  resolution  means 
that  astronomers  shall  give  up  their  custom  of  counting 
right-ascensions  from  the  venial  equinox  and  adopt  a  point 
of  departure  quite  arbitrarily  defined.  Now.  without  re- 
marking on  the  undesirableness  of  allowing  half  a  dozen 
men  to  choose  the  methods  of  astronomers,  let  us  point  out 
the  inconveniences  of  this  change.  If  it  is  adopted,  those 
who  attempt  to  rectify  the  right-ascensions  of  system  2Vj 
will  be  obliged,  at  every  epoch,  to  make  the  sum  of  their 
corrections  vanish.  Moreover,  the  right-ascension  of  the 
latitude-less  sun,  at  the  time  when  the  declination  vanishes, 
will  be  found  to  deviate  more  and  more  from  0h  and  12h. 
In  consequence,  if  astronomers  still  use  longitudes  and 
latitudes,  as  it  is  to  be  supposed  they  will,  the  present  sim- 
ple formulas  for  transforming  one  kind  of  co-ordinates  into 
the  other,  which  contain  only  one  element,  viz.,  the  obli- 
quity of  the  ecliptic,  will  have  to  be  complicated  by  the 
addition  of  one  or  two  more.  This  proposal  somewhat  re- 
sembles that  which  was  made  many  years  ago  that  the 
mean  right-ascension  of  «  Andromedae  should  be  made  zero, 
and  which  was  never  adopted. 

After  Prof.  Newcomb  had  made  the  statement  at  the 
foot  of  p.  10,  the  reader  of  the  memoir  naturally  expects 


to  find  a  discussion  conducted  in  accordance  with  the  reso- 
lution of  the  French  Conference;  and  so  he  does,  until  the 
second  paragraph  of  p.  69  is  reached,  when,  emancipating 
himself  from  the  binding  force  of  this  resolution.  Prof. 
Newcomb  proceeds  to  consider  how  much  difference  there 
is  between  the  departure-point  of  system  JV,  and  the  actual 
equinox.  Now  this  is  not  only  a  surprise  to  the  reader, 
but  has  involved  Prof.  Newcomb  himself  in  forgetfulness. 
It  has  been  the  usual  custom  of  astronomers  to  conduct  the 
work  of  referring  their  right-ascensions  to  the  equinox  as 
one  operation,  instead  of  dividing  it  into  three  portions  as 
Prof.  Newcomb  does.  It  is,  perhaps,  some  reminiscence 
of  this  habit  which  has  led  Prof.  Newcomb  to  forget  that, 
when  he  came  to  consider  on  p.  69  the  value  of  the  quantity 
he  denotes  by  /A',  he  ought  to  admit  the  evidence  of  the 
observers  who  have  referred  their  right-ascensions  to  the 
sun  as  to  the  point  whether  system  Nx  is  properly  referred 
to  the  sun.  Now,  since  in  Auwebs's  reduction  of  the 
Bradley  observations  the  right-ascensions  are  referred  to 
the  sun,  the  difference  la  1755  =  —  0s. 070*  is  evidence 
that,  so  tar  as  the  comparison  of  32  stars  can  show  it,  the 
departure-point  of  system  .Y,  is,  at  the  epoch  1755,  0S.07'.I 
ahead  of  the  equinox.  We  might  explain  Prof.  Newcomb's 
neglect  of  this  evidence  on  the  supposition  that  he  deems 
EJradley's  observations  of  the  sun  worthless  for  the  pur- 
pose of  defining  the  position  of  the  equinox.  But  then 
they  would  also  be  worthless  for  determining  the  elements 
of  the  earth's  orbit,  and  we  find,  on  turning  to  the  Funda- 
mental Constants  of  Astronomy,  p..'!.  that    Prof.  Newcomb 

*I  must  here  record  my  impression  that  this  number  is  in  error. 
By  subtracting  the  R.A.'s  of  the  32  stars  contained  in  the  third  vol- 
ume of  Auwebs's  Neue  Reduction  from  the  values  for  1755  given 
at  the  end  of  Equatorial  Fundamental  Stars,  and  taking  the  mean, 
the  result  is  — 0B.06(i ;  and  this  accords  with  the  result  got  by  subtract- 
ing +08.056,  Auwebs's  correction  to  Bessel's  equinox  for  Beau- 
ley,  from  the  — O'.OIO  given  at  p.  43  of  the  memoir  .just  mentioned. 
I  at  first  supposed  that  the  difference  might  be  occasioned  by  diverse 
modes  of  measuring  Ii.A.  in  the  cases  of  Struts  and  Procyon,  which 
stars  have  been  included  in  the  comparison;  but  it  does  not  seem 
that  the  discordance  can  be  thus  explained. 
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has  used  tlit'iu  for  this  purpose.  In  Like  manner,  the  dif- 
ference +  o\0-l  given  by  two  Greenwich  Catalogues  for 
the  epoch  I860  is  evidence  thai  the  equinox  of  Nj  is  behind 
the  actual  equinox  by  thai  amount.  This  evidence,  how- 
ever, may  be  supposed  to  be  considered  in  1 1 » « •  determina- 
tion of   IE'  on  p.  71. 

It  would  seem  thai  the  discordance  between  the  two  re- 
sults 8p=+0".245  and  8p=+l".340,  on  p.  35,  oughl 
to  have  led  Prof.  Newcomb  to  the  suspicion  thai  the  de- 
parture poinl  of  system  V",  does  no1  move  with  a  velocity 
identical  with  that  of  the  actual  equinox;  ye1  we  find  him 
at  p.  71  speaking  of  "the  greal  mass  of  material  on  which 
the  equinox  for  the  system  2V,  is  based  "  as  a  ground  for 
incredulity  as  to  anj  correction  being  ueeded. 

Had  Prof.  Newcomb,  instead  of  using  the  system  .Y,  as 
the  provisional  standard  for  comparison,  used  another  in 
which  the  annual  variations  arc  uniformh  0*.00067  less,  he 
would  have  found  the  two  mentioned  results  in  exact  ac- 
cordance with  each  other;  and  the  use  of  such  a  system 
would  he  quite  as  legitimate  as  that  of  A',. 

Now  the  centennial  correction  f0*.098  we  see  at  the  tout 
of  p.  L2,  given  as  the  correction  to  make  the  motion  of  the 
stars  derived  from  Greenwich  observation  agree  with  that 
ot  system  .V,.  would  lead  us  to  anticipate  just  such  a 
i-esull  as  we  find  in  the  two  values  f,/,  =  +  o".i'4.1  and 
8p  =  -|-1".340.  The  employment  of  2500  stars  in  place 
of  32  has  served  to  cut  the  collection  down  from  —  0'.098 
to  0\067.  The  value  IE'  =  +1".0  on  p.  71,  which  is 
derived  from  the  observed  right-ascensions  of  Mercury, 
comes  to  confirm  this  conclusion.  The  divergence  of  the 
firsl  given  result,  viz.,  IK'  =  +0".r>.  is  due  either  to  the 
shortness  of  the  period,  60  years,  embraced  by  the  obser- 
vations on  which  it  is  founded,  or  to  the  "rough  investiga- 
tion" which,  as  Prof.  Newcomb  admits,  was  employed  to 
obtain  it.  II  Prof.  Newcomb  will  use  the  whole  period  of 
observation  a1  Greenwich,  viz.,  1755-1895,  he  will  find  a 
result  substantially  in  accord  with  his  value  from  the  right- 
ascensions  of  Mercury. 

The  insufficiency  of  the  reference  of  sj  stem  .Y,  to  the  sun 
is  a  point  so  importanl  to  be  established  thai  I  do  not  hesi- 
tate to  give  here  some  details  in  relation  to  it. 

In  the  'Equatorial  Fundamental  Stars,  p.  '■<'■>.  Prof.  New- 
comb gives  a  table  of  the  material  he  employed  for  refer- 
ring the  system  .Y,  to  the  equinox;  hut.  in  giving  the 
resulting  values  of  the  two  unknowns,  he  does  not  state 
their  probable  errors.  Now,  from  the  data  id'  this  table, 
it  may  be  found  that  the  probable  error  of  the  known  term 
oJ  m  equation  with  the  weight  unity  is  ±0'.053;  and 
i  hence  the  probable  error  of  the  unknown  y',  denoting  the 
i  oi  lection  of  the  centennial  variations,  is  ±08.02o.  Conse- 
quently, the  value  of  &p  which  is  derived  from  right-ascen- 
sions at  p.  o">  of  the  memoir  on  precession,  ought  to  be 
ted    with     the     probable    error    ±0".41.      Hut.    in    fact. 


these  probable  ei  rors  do  not  give  the  real  measure  of  un- 
certainty  of    the  quantities   to   which  thej    are  attached, 

because    tl L'rors    are    constant    rather  than    periodic.      1 

should  be  inclined  to  advance  the  ±0*.025  to  ±0*.040; 
then  8/<  would  have  the  probable  error  ±0".65. 

Prof.   NEWCOMB    has   included    in    his   material    two   i-.  [o  i 

noxes,  determined  severally  by  Piazzi  ami  Maskelyne, 
about  which  we  have  no  details,  no  knowledge  of  how  many 
Observations    of    the    sun    were    employed,    or    whether   the 

authors   took    the   precauti t    using   an   equal    number  of 

autumnal  and  vernal  equinoxes.  In  fact,  there  is  much 
ground  for  suspicion    that   thej    used  very  slovenly  methods 

in    their   elaborate E    tin-    matter.       If    AiWF.us    found    a 

collection  of  0\056  to  Bessel's  equinox  for  Bradley,  what 

may     we    expect     will     be    the    correct  ions    to     PiAZZl     and 

Maskelyne  when  their  observations  are  rehandled  in  the 

more  careful  modern  ua\  ?  I  lowever,  the  large  differences 
between    these    observers    and    the    rest     of    ast  ronomers    is 

quite  likely  to  be  the  result  of  systematic  errors  made  in 
the  declinations  of  the  sun  which  are  not  the  same  at  the 
two  equinoxes.  It  seems  we  have  good  reasons  for  insist- 
ing that  these  two  equinoxes  should  be  rejected. 

There  is  also  anot her  determination  of  equinox,  viz.,  that 
of  Paris  for  L865,  which  Prof .  Newcomb  has  included  in 
his  list,  and  which  seems  affected  with  systematic  error. 
The  remarks  on  the  Paris  observations,  made  b\  Prof. 
Newcomb  at  p.  1*7  of  fundamental  Stars,  are  pertinent 
here.  We  may  fear  that  personal  equation  unfavorably 
affects  the  observations  of  1864  and  1865  as  well  as  those 
which  follow.  However,  in  the  treatment  of  the  material 
which  follows,  not  liking  to  reject  the  Paris  result.  1  have 
made  two  solutions,  in  one  of  which  it  is  retained,  and  in 
the  other,   rejected. 

f  have  then  modified  Prof.  Newcomb's  material  by  mak- 
ing the  correction  given  by  Bradley  conform  to  Auwers's 
determination  of  the  equinox,  bj  rejecting  Piazzi  and 
Maskelyne,  by  substituting  a  comparison  with  the  Green- 
wich Nine-Year  Catalogue  for  the  result  of  1869,  bj  adding 
a  comparison  with  Ten- Year  Catalogue,  as  also  one  from 
observations  at  the  Etadcliffe  Observatory  in  the  years 
lssl  l.S'.il  {Catalogue  of  6424  Stars  for  the  epoch  L890, 
formed  from  observations  inmlr  ni  tin1  lltidrfiffe  Observatory, 
Oxford,  during  the  years  L880  L893.  By  E.  J.  Stone),  anil 
by  adding  a  result  from  Greenwich  observations  in  the 
years  1887-1894.  As  to  the  last  result,  the  corrections  for 
equinox  given  in  the  annual  volumes  stand  thus : 

L887 

1  sss 
1889 
1890 

From  this  exhibit  we  might  imagine  that  new  positions 
for  clock-stars  were  introduced  into  the  observatory  at  the 
beginning  of  1888  :  hut  no  sensible  change  was  made,  and 


0.059 

1893 

+  0.088 

0.071' 

L892 

+0.040 

0.024 

1893 

+  0.090 

0.093 

1894 

+  0.042 
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the  large  difference  of  the  two  years  1887  and  isss  must. 

he  ascribed  to  the  advent  of  new  observers  with  personal 
equations  differing  much  from  those  of  the  previous  ob- 
servers. I  have  added  a  third  decimal  to  the  data  of 
Prof.  Newcomb,   when    1    could    readily   discover   what    it 


should  be;  this  because  a  change  of  0\0J  in  the  datum  for 
1756  produces  one  of  0".006  in  the  value  of  Prof.  New- 
comb's  //'. 

The  collection  of  data  is  then   shown  by  the  following 
table  : 


Residual 

i  (i     ( 

Authority 

Date 

Kq.  Core 

Years 

Weighl 

I 

II 

Bradley  i  Auwersi 

1756 

+  0.120 

7 

3 

+  o!o41 

+0*034 

Bessel  1 

LSI  7 

+  0.053 

:; 

L' 

+  0.013 

+  0.015 

Bessel  11 

1822 

-0.002 

5 

4 

-0.039 

-0.036 

Pond 

1823 

+  0.072 

14 

4 

+  0.036 

+  0.038 

Struve 

1825 

+  0.040 

5 

4 

+  0.005 

+  0.008 

Argelander 

1828 

+  0.064 

1 

;; 

+  0.031 

+  0.034 

Cambridge 

1835 

-0.029 

5 

2 

-0.057 

-0.053 

Edinburgh 

1838 

+  0.040 

4 

o 

+  0.014 

+  0.018 

Greenwich 

1839 

-0.052 

<; 

;; 

-0.078 

-0.073 

Berlin 

1841 

-0.060 

4 

2 

-0.085 

-0.080 

Cambridge 

1841 

+  0.060 

5 

2 

+  0.035 

+  0.040 

Edin  burgh 

1842 

-0.008 

4 

2 

-0.032 

-0.027 

Pulkova 

1845 

-0.005 

8 

5 

-0.027 

-0.022 

Greenwich 

1845 

-0.003 

6 

3 

-0.025 

-0.020 

Cambridge 

1849 

+  0.060 

5 

2 

+  0.041 

+  0.047 

Greenwich 

1851 

+  0.017 

6 

3 

-0.001 

+  0.005 

Cambridge 

1856 

-0.010 

K 

2 

-0.025 

-0.018 

Greenwich 

1857 

-0.005 

7 

3 

-0.019 

-0.012 

Paris 

1859 

+  0.002 

10 

4 

-0.011 

-0.004 

Greenwich 

1864 

-0.021 

7 

3 

-0.031 

-0.023 

Washington 

1864 

+  0.052 

4 

4 

+  0.042 

+  0.050 

Paris 

1865 

+  0.115 

2 

2 

+  0.106 

+  0.111 

Washington 

1867 

+  0.053 

4 

4 

+  0.045 

+0.054 

Greenwich 

1872 

-0.021 

9 

4 

-0.026 

—0.016 

Greenwich 

1882 

-0.023 

10 

4 

-0.021 

-0.011 

Oxford  (Eadcliffe) 

1888 

-0.013 

8 

3 

—0.007 

+  0.004 

Greenwich 

1890 

+0.01  s 

S 

3 

+  0.025 

+0.037 

Adopting  Prof.  Newcomb's  unknowns,  viz.,  as'  for  the 
correction  at  1820,  and  ;/'  for  its  change  in  a  century,  we 
have  the  following  normal  equations  when  the  Paris  result 
for  1865  is  retained  : 


s-jx'       +22.63y' 
22.63sc'+12.1iy 


+  1-.484 
-0S.019 


The  probable  error  of  the  known  term  of  an  equation  of 
the  weight  1  is  ±0B.043,  and  the  values  of  the  unknowns 
with  their  probable  errors,  are 


:,■<   =    +0-.038    +0-.007 


.'/' 


=    -0S.()73   ±0».018 


If  we  omit  the  Paris  result,  the  probable  error  attached 
to  weight  1  is  reduced  to  ±  0s. 038,  and  the  values  of  x'  and 
//'  with  their  probable  errors  become 

x'  =    +0».036    ±0S.006     ,     u'  =    -0-.07S   +  0-.016 


The  residuals  of  these  two  solutions  are  noted  in  the 
columns  of  the  table  headed  I  and  1 1. 

As  the  values  deduced  by  Prof.  Newcomb  are  x'=  +0".016 
and  ;/'=—  0'.009,  the  two  solutions  severally  give  the 
following  corrections  to  the  system  A 

l.\\    =    +0-.022   —O'.OGiT 
/.V,    =    +0S.020   -0-.069  T 

These  corrections  are  in  substantial  accord  with  the 
value  JE'  =  +1".0  found  from  the  right-ascensions  of 
Mercury. 

If  we  adopt  JE'  =  +0".98  and  substitute  this  value 
in  Prof.  Newcomb's  equation 

8>   =    +0".3(i    +1.09  //•' 
we  get  the  correction  to  precession  as  derived  from  right- 
ascensions    8p  =  +1".43.     As  to  the  result  from  declina- 
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tions,  it  seems  to  me  that  we  ought  to  adhere  to  the  value 
given  "ii  p.  35,  viz.,  8/>  =  +  1"..">l.  The  weights  bo  be 
attached  to  these  results  seem  about  equal.  The  value 
8/>  =  +  1". .".'.)  may  then  be  taken- as  the  combination  of 
the  two.  This  leads  to  5C.2510  as  the  animal  general  pre- 
cession for  L850;  a  value  which  is  onlj  a  trifle  less  than 
that  of  Peters. 

If  1  nun  be  pardoned  for  intervening  in  the  discussion 
which  has  arisen  between  Prof .  \  i  n  OMBand  Boss  in  regard 
to  the  material  which  m;i\  be  judiciously  employed  in  the 
determination  of  precession,  I  will  add  here  a  few  words. 

With  regard  to  the  variation  id'  personal  equation  with 
stellar  magnitude,  all  we  know  of  physiological  optics 
would  incline  as  to  suppose  that  the  great  part  of  this  va- 
riation lies  between  the  lirst  and  sixth  magnitudes  and  not 
between  the  latter  and  the  last  that  is  visible.  If  this  sup- 
position is  incorrect,  experimentation  with  personal  equa- 
tion machines  ought  to  give  us  some  light  on  this  point, 
unless,  as  perhaps  Prof.  Newcomb  will  maintain,  the  ner- 
vous system  of  persons  who  exclusively  use  1 1 \  e-and-ear 

method  is  in  a  quite  different  condition  from  that  of  those 
who  generally  use  the  chronographic  method.  But,  how- 
ever this   ma\  be.  the  results  in   right-ascension  given  b\ 

Prof.    NEWCOMB    at     p:  35  exhibit    not    the  slightest    trace    of 

ill  effects  owing  to  this  variation.  From  magnitudes  •"  to  (i 
they  are  almost  identical,  and  the  differences  noted  ill  the 
results  belonging  to  magnitudes  1  2  and  7  are  plainly  due 
to  the  paucity  of  the  stars  included.     1  think  we  may  con- 


clude that  we  ma\  safely  go  on  adding  groups  of  the  8th 
and  smaller  magnitudes. 

Even  it  wi   admit    Prof.  New  comb's  plea  that  the  Brad- 

LEY-Stai'S    are    the    olih    win's    it    is  worth   while  to    consider. 

because  they  alone  have  been  observed  asearlj  as  L 750,  and 
also  admit  that  Bradley  alone  must  fix  the  farther  end  of 
the  chain,  we  must  still  insist  that  the  nearer  end  must  be 
made  a>  strong  as  possible  and  that  the  chain  should  have 
the  greatest  length  possible.  In  regard  to  the  latter  condi- 
tion,   what     ha>    Prof.    NEWCOMB    done'.'      lie    has    used    110 

later  observations  of  the  BRADLET-stars  at  Greenwich  than 

those    made    in    1875,  while    he    might    have    included    those 

made  in  the  18  years  1876  1893.     Surely,  to  have  extended 

the  interval  of  ti from  125  to  I  b">  years  would  have  been 

w orth  t he  extra  labor. 

But  a  ver]  reasonable  objection  to  the  result  of  Prof. 
Newcomb's  work  in  this  matter  is  that  it  is  founded  almost 
entirely  upon  the  material  afforded  by  a  single  observatory 
—  Greenwich.  There  are  uow  at  least  15  observatories 
whin-  some  of  the  observing  is  devoted  to  obtaining  posi- 
tions nt  the  BRADLET-stars.  The  published  part  of  this 
might  have  been  used  to  strengthen  the  nearer  end  ol  the 
chain.  What  voice,  we  may  inquire,  has  Pulkowa  had  in 
determining  the  element  under  consideration  '.'  None  but 
that  involved  in  fixing  the  right-ascensions  oi  system  Nu 
and  also,  perhaps,  in  the  formation  of  the  mean  system  nt 
declinations.  But  this  is  uol  as  much  as  should  be  con- 
ceded. 


SECULAE  PERTURBATIONS  OF   VENUS  FROM  THE  ACTION  OF  THE   EARTIL 

I'.v    ERIC   »(«) LITTLE. 


The  following  computation  has  been  made  according  to 
Dr.  <i.  W.  Hill's  first  method.  It  will  be  observed  that 
the  sum-,  of  the  functions  corresponding  respectively  to  the 
odd  and  even  points  of  division  of  the  orbit  are  not  in 
Sufficient  agreement  to  furnish  a  test  of  the  work.  The 
differences  clearly  begin  with  the  roots  G,  <•'  and  G",  and 
gradually  accumulate.  These  rout--  were  therefore  obtained 
in  two  different  ways;  first,  by  the  formulas  of  Dr.  Bill's 
memoir,  page  328,  and  second,  by  the  formulas  given  it 
the  Astronomical  Jo\  ,  No.  386.     The  lir^t   results  were 

tested  by  the  formulas  of  Dr.  Una.,  page  328,  and  the 
second  by  the  equations  on  pp.  327  and  355.  The  equation, 
Id  =  B-  —  AC.  was  also  applied  to  test  the  first  solution. 
;  -  n  ere  in  agreement. 

Beside  duplicating  the  computation  from  the  beginning, 
the  values  of  .1.  /■'.  e,  •/,'.  •/.. .  Js,  I',  and  /•'.  were  tested  h\ 
equations  similar  to  those  published  by  Mr.  K.  T.  A.  I\xi> 
.  Monthly  Notices,  Vol.  LIIT,  No.  6).     The  computation  of 


0  and  '■  was  carried  through  a  third  time,  as  no  tests  of 
these  critical  functions  were  known.  The  formulas  em- 
ployed were  : 

G'+  G" 
tans0=  r      r,  o=ar*(G+  c"r  '■-.[  "ft  t;+t;"  i-  ■?'.,"'].  a 

It  was  not  considered  necessary  to  increase  the  number 
of  points  of  division  to  twenty-four,  since  in  previous  cases, 
in  which  the  disagreement  was  much  greater,  the  additional 
functions  have  not  altered  the  results.  Thus,  the  final 
values  of  2\  and  2,  in  the  action  of  Mercury  on  Venus  dis- 
agree in  the  see,,//,/  decimal  when  twelve  points  of  division 
an- employed,  but  upon  increasing  the  number  to  twenty- 
four.it  is  found  that  ,'.,  \1,+  —.)  was  correct  to  at  least  the 
eighth  decimal. 

The  elements  employed  are  from  Dr.  Hill's  "New  Theory 
of  Jupiter  and  Saturn,"  pp.  l'.i'J  and  554. 
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VetlUS. 

Earth. 

Th< 

following  values  were 

obtained  for  the  preliminary 

7T     = 

129°  27  42.83 

tt>  =   100°  21  39/73 

constants  and  the  auxiliary  functions: 

;  = 

3  23  35.01 

/'  =       0     0     o.oo 

a  = 

75   10  53. OS 

9,' 

/  =       3  23  35.01 

log  k  =  p9.9998637 

0.00684311 

,-'  =   0.0107711  1 

//  =   234     7  49.75 

log  /.'       p9.9993746 

log  a    = 

9.8593378 

log  "'    —    0.0000000 

//'=   205     I   46.65 

log  >■  =  /-6. 1 491252 

n.   = 

2106641".357 

n<   =    1295977".  11  6 

K  =     29     8  21.75 

n  =     O.O002S1 27116 

'"   = 

l_i-408,134 

Epoch  185 

m>  =    1  -1-327,000 
t.o  G.M.T. 

K>  =     29     3  44.28 

E 

V 

log  r 

A 

log  B 

£ 

' 

A 

0° 

0° 

00 

0.00 

9.8563557 

L.537 11333 

9.8646525 

28 

24 

11. so 

o.oooo.'U  1  1346 

L  .002  34463 

30 

30 

11 

47.S7 

9.8567564 

L.529  32317 

9.8611951 

58 

8 

18.38 

0.000  107  OSS  10 

L.00372554 

60 

60 

20 

24.50 

9.8578493 

L.51985488 

9.857  3670 

88 

8 

39.42 

o.ooo  1  1568124 

1.0031  1070 

90 

90 

23 

31.50 

9.8593378 

1.51125435 

9.854  1284 

lis 

22 

20.00 

o.ooo  1 1 1  22751 

1.001  20000 

120 

1  20 

20 

20.31 

9.8608213 

1.50583081 

9.852  0995 

1  IS 

15 

50.20 

0.000038  27088 

0.99983131 

150 

150 

11 

13.65 

9.861  0040 

1.50503256 

0.S51  6451 

170 

14 

28.38 

0.00000002491 

L.000  35530 

1 80 

180 

00 

0.00 

9.8622996 

L.509  06482 

9.852  9706 

200 

42 

1 5. 1 1 

0.000  03509098 

1.002  20402 

210 

209 

48 

16.35 

9.861  ooio 

1.51684286 

9.855  9800 

240 

2 

15.31 

o.ooo  10876150 

1.00370935 

240 

239 

39 

.",0.60 

9.8608213 

1.52628659 

9.8600280 

270 

7 

30.07 

o.ooo  14763156 

1.00326746 

270 

269 

36 

2S.50 

9.8593378 

1.534  87476 

9.8639340 

200 

54 

45.01 

o.ooo  11293247 

1.001  33526 

300 

200 

39 

35.50 

9  8578493 

1.540  :;i  oo;; 

9  SCO  4105 

329 

27 

9.54 

0.00003927365 

0.99985008 

330 

329 

48 

12.13 

9.856  750  1 

1.541  13325 

'.».; SCO  0154 

358 

53 

34.66 

0.000  000  O50SI 

1.00036791 

y 

000 

00 

0.00 

9.1550005 

9.138  46106 

9.1535281 

1074 

36 

IS. 50 

0.00044009177 

6.010  COS  10 

v 

loso 

00 

0.00 

0.155  000  1 

9.13846095 

9.1535280 

1  25  t 

36 

L8.64 

o.ooo  14009169 

6.01069936 

E 

I 

G 

G' 

G" 

0 

log  p 

log  ■«" 

log  n 

0° 
30 
60 
90 

120 
150 
ISO 
210 
240 
270 
300 
330 

0.534  18743 

0.525  31637 
0.51643292 
0.50976708 
0.505  71823 
0.504  39599 
0.506  51953 
0.51285225 
0.52273786 
0.533  25S22 
0.54017928 
0.54048407 

1.00227181 
1.00350237 
1.00284204 

1.00007070 
0.99975382 
1.000  35525 
1.00219338 
1.0034884  1 
1.00296095 
1.00100414 
0.999  704  01 
1.00036779 

0.53462398 
0.52574251 
0.517  01255 
0.51021  108 
0.50587139 
0.50439608 
0.50665928 
0.51328431 
0.52332564 
0.533  71072 
0.54033745 
0.54048430 

0.00006371969 

O.OOO2O2  07011 
0.00028097656 
0.000.217  78955 

0.000  075  07200 
0.00000004937 
O.OOOO00  10704 
0.000  211 15665 
0.000  281  26987 

0.00007270065 

0.000000  10507 

10  55     3.02 

45  53  55.40 
15  33  15.30 
15  20  14.51 
45  14  29.83 
45  19  11.90 

45  39  53.44 

46  15  21.69 
10  54  18.41 
17  19  22.49 
17  IS  38.53 

0.26000336    0.60598257     0.545  77151 
0.252SS171     0.507  10127     0.53614961 
0.24673133    0.58958546     0.527  S1896 
0.242  46622    0.584  30371     0.522O3035 
0.230  74301     0.5SO  02S00     0.51  S  33025 
0.23844519  ,  0.57931865     0.51656434 
0.23042210    0.58053038     0.517  89317 
0.24375790    0.58590391     0.523784  lo 
0.251  32635    0.59526901     0.53404  170 
0.25983876    0.605  7705s     o. 54551013 
0.205432S3    0.612  67386     0  55308969 
0.205 20SOI    O.01247091  |  0.55286781 

y 
—  l 
y 

3.12607525 
3.12607397 

6.009  78661 

O.ooo  7S77S 

3.127  83029 
3.12782900 

0.000  843  44071 
0.000843  44712 

277     3  30.01 
277    3  3S.5S 

1.502  05007 
1.50265782 

3.564  97024 

3.56496803 

3.1960  1S37 
.•',.100  04501 

E 

logiV 

logP 

logQ 

log  V              log  ,/'i 

J., 

J, 

Ft 

0° 

30 

60 

90 

120 

150 

180 

210 

240 

270 

300 

330 

9.8305330 
9.8233230 
9.819  7364 
9.8196999 
9.8208350 
9.8213596 
9.821  8870 
9.824  4982 
9.830  10SO 
9.837  0023 
9.840  5753 
9.837  8789 

0.434  4894 
0.4173,01s 
0.4066135 
0.402  9640 

0.401  9120 
0.400  3000 
0.400  4544 
0.407  1047 
0.422  0554 
0.441  6487 
0.4533906 
0.450  0302 

0.375  201  1 
0.357  8664 
0.346  2012 
0.34  1  2105 
0.3,30  2303 
0.337  7696 
0.33S  7987 
0.3466789 
0.362  8370 
0.3819851 
O.303.7357 
0.390  5869 

0.3752596  1  9.9989053 
0.3577653  1  9.9984573 
0.3460609     9.9987381 

0.3411015  1  9.999  4598 
0.339  2013     0.000  S005 
0.3377695  1  9.999  0100 
O.33S70  11     9.9989076 
0.3,40  5734     0.00S4620 
0.362  6968     9.9987248 
0.3818798     9.9994372 
0.393  6994     9.999  8910 
0.300  5S0S     0.000  0274 

+  0.004202020 
+  0.010025  2S0 
+0.01340.-.500 
+  0.012  206  904 
+  0.006  516023 
-0.001172  845 
-0.007008410 
—  0.010  SIS  504 
—0.010873469 
-0.008962465 
-0.005884  342 
-0.001520954 

-0.047  230  424 

0.058127293 

-0.053273840 

-0.033  070  547 
-0.005406098 

+  0.024  782  063 
+0.048499056 

+  0.050  3S0  945 
+  0.054  536  468 
+  O.035  230  140 
+  0.000  cos  715 
-0.023519435 

-0.005832177 
-0.010328762 

-0.012  oio  ool 
-0.010  520  170 
-0.006174632 
-0.000157532 
+  0.005012  5  17 
+  0.01  0  409 132 
+  0.012127  366 
+  0.010  606846 
+  0.006  255  003 
+  0.000  237  902 

2",      1  8.963  7646 
2„      18.963  70 IS 

2.5195152 
2.5195089 

2.1561032 

2.150  0073 

2.155  6821  1  9.995  003,0 
2.155  0703     9.0950642 

0. OOOL'  12579 
-   0.000  2I2  57S 

+  0.003  787877 
+0.003787879 

+  0.000  241113 
+  0.000  241110 
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E                       log  J",                              B                                    v                                     "' 

'  gin  E  R 
a 

a 

—0.00819911 1 

0.005772  L22 

-0.001  365  876 

1  hi 209069 

.  0.001  858  75  l 
—0.004  052670 
-0.002376680 
+  0.003510  1  lo 
+0.009684  1 L6 
+0.010689  527 
+  O.OOI  138  1  is 
0.004266768 

0°       1-0.00020122394        0.42126107         -0.005890097         -0.11153496 

30       +- 0.000  060 17487        0.40675651          -^0.004150418             0.13232119 

60          0.00029485277        0.40441131             0.000984602             0.11894044 

90          0.00050823894        0.41101802         +0.000151227           -0.07580674 

L20          0.00036563277        0.41646740         -0.001349097             0.01272800 

150          0.1 1856116       0.41403810         -0.002948800         +0.05391799 

L80       1-0.000  206  80805       0.40710579         -0.001730893         +0.10632289 
210       +0.00006559223       0.40536093          r-0.002554045         +0.13208012 

240          0 129105383       0.41526071          +0.007029019         +0.12494379 

■•7ii          0.00050707628       0.43289840          H0.007732079         +0.08349760 

300          0.1 36741788       0.44451245         +0.003199250         +0.01546615 

330    '■  -0.00001281582       0.43893384          -0.003 068  000             0.05784756 

+  (1.011(1000(1 

+0.2828447 
t  0.4858587 
+0.5682286 
t  0.496924  1 
1  0.2845157 
—0.0000000 

—  0.2785530 
0.495  is  17 

—  0.598  1781 
—0.5340294 

0.3052198 

2,     i  -0.00091092526        2.50901873         +0.000  27:! 580          +0.00352943 
X.     1-0.00091092510        2.50900580     j    +0.000270133         +0.00352022 

0.0467370 
0.0466619 

•  n. 1322113 

+  o. 317  L76 

K 


0 
30 

60 
90 
120 
150 
180 
210 
240 
270 
300 
330 


/,'   Mil  r 
+  (cosp+<'>-  E)  N 


+  (  -  8e<T  <f  +1  1  si"  »  St, 


II'    COS  u 


-0.011  78019 
+  O.107  10436 
+0.35044516 
+0.411  00745 
\  0.36078900 
+0.21090709 
+  0.00:;  1C>  179 
0.20590981 
0.365  15661 
-0.43294230 
-0.38308894 
-  0.226  078S5 


-0.42126107 
-0.35572418 
-0.20183130 
+0.00311509 
f  0.208031 11 
+  0.356331  is 
+  0.407  10570 
+0.34919573 
+0.19760050 
-0.01250179 
-0.22551772 
-0.37629530 


2, 

2, 


-0.04562979 
-0.04561206 


.0.03587269 
-0.03587897 


-0. 
-0. 

+  0. 

+o. 

+  0, 

-0. 

-0. 
-0, 
+  0, 
+  0, 
+  0. 
-0. 


065352939 

013  070  792 
049  26S295 
061  732  775 
012  668  751 

049  130  9S9 

062298971 
013955080 

050  403  535 
067  326  200 
015  375  (in 
052  873  488 


+  o 
+  0 


000  064  081 

OOO019  020 


W,  sin  » 


2      R 


—0.09038273 
0.131  07315 
0.10825646 
0.04399687 

o.ool  2206S 

0.02221027 

0.0861591  I 

-0.131  34085 

ill  I  I320OO 
0.04938656 
o.ool  67292 
0.023  16769 

-O.I0202.-I93. 
-0.10207539 


0.83675673 

0.80869188 

0.80605518 

-0.82203604 

0.83578481 

0.83298365 

0.81978340 

0.81552660 

0.83336328 

0.86579680 

—0.88598306 

-O.S72  00531 

-  5.017  720  10 
-5.01770028 


The  equation  sin  q  .  A  .-1J"  +  cosqr  B(0">  =  0  is  found  to 
give  the  residual  +0.0000000081.  It  may  be  remarked 
that  the  residuals  from  the  2^'s  alone,  and  those  obtained 
from  the  —  ,'s  alone  are  nearly  equal,  but  with  contrary 
signs. 

If  m'  is  left  indefinite,  the  following  values  of  the  differ- 
ential coefficients  result : 


[jrl- 

L  *  i= 
L dt  lo" 

\_dt 


16017.410  m1 

is  IH073.3      m' 
+  14.095  ,„' 


log  coeff. 

«  1.201  5923 

»6.2649767 
pl.167  1S02 


2385136.3      m'  «6.3775132 

1844854.1       m)  »6.2659621 


=    -1705973.3       ,„' 


n6.2469841 


If  we  adopt   for  ///'   the   value   given    above,  we    have 
finally. 

The  Flower  Observatory.  1898  January  28. 


0.04898290 


L*lo 

r^-1     =    -5.6289701 

L  *  1 


[dai 

I    dt    , 


7.293993 


-5.041  755S 


.4005288 


[41  - +- '""   [f 

The  results  of  LeVeRRIEK   hit   given    ill    the  ••  An  milt's   ilr 

I'Obsei •vatoire  a*<  Paris,"  Tome  [I, pp. 58  to  66,  and  Tome  VI. 

p.  6.     Those  ol    Newcomb  are  found  in  his  work  The 

Secular  Variations  of  the  Orbits  of  the  Four  Inner  Planets," 
pp.337  and  370.  Reducing  all  to  the  same  value  of  m' 
(in'  =  1-7-327,000);  the  three  Beries  compare  as  follows: 


Results  i't 
LeVbrbh  k 

Results  of 
Newcom  b 

Method  of 
Gauss 

f  del 

=    —0.04875 
=   -0.03873 

-0.04896 
—0.03852 

0.048983 

—  0.03S007 

L*"l 

=     -0.000(10 

+0.00004 

+  o. ooiioi  19 

.     .[dSll 

=   -0.43154 

0.  13109 

—  0.431  09S 

L>! 

=     -5.397 

- 

5.1005 
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THE  CONSTANT  OF  ABERRATION" 

By  C.   L.   DOOLITTLE. 

In  view  of  the  presenl  interest  in  the  values  of  the  astro- 
nomical constants,  this  investigation  is  published  somewhal 
earlier  than  was  intended.  The  result  is  preliminary  in 
the  sense  that  it  is  derived  from  a  limited  amount  of  ma- 
terial which  will  ultimately  be  combined  with  other  data, 
as  the  work  is  still  in  progress  and  will  presumably  con- 
tinue for  some  years. 


The  method 
groups  of  stars 
right-ascension. 

I 

11 

III 

IV 


is   that   "i    KiisTNEH  (A.2T.  3015).      Four 

were    employed,    distributed    as    follows   ill 


28  -    7 
48-14  .V. 
L9     l'.i  21 

29  -  23  2f 


lo  pairs 

10     « 

10     •• 

9     ■• 


No  observations  have  hem  used  except  where  the  morn- 
ing and  evening  series  were  obtained  on  the  same  night, 
though  in  some  cases  one  or  both  were  incomplete. 

The  observations  were  assembled  in  groups,  seldom  more 
than  ten  days  in  extent,  and  the  means  were  formed  as 
illustrated  by  the  following  example  : 


IV 


1896  Oct. 


15 


18.01 
16.66 
1 4.85 


Sab. 
112.15 
113.34 
121.11 


lo 

10 


I 
s? 

1  7.0X 

21.09 
20.03 


2  ab. 

-47^57 
-53.54 
-52.47 


Mean  Oct. 10 


1.834  +12.84 


29      2.028 


5.3(1 


The  column  headed  Sif  contains  the  sum  of  the  latitudes 
given  by  the  nine  or  ten  pairs  observed  —  obviously  the 
seconds  only;  and  that  headed  2  ah.,  the  sum  of  the  re- 
ductions for  aberration. 

Subtracting  we  have 


IV  _  I     _0".194     +18.14 


0     wt.  14 


the  weight  being  computed  for  each  case  from  the  number 
of  observations. 

Thus  we  have  the  following  values  : 
The  Flower  Observatonj,  1808  Feb.  3. 


1896  i  >ct.  LO.O 

IV 

-  I 

0.10  1 

+  18.1  1 

II 

24 .5 

+  0.00:; 

19.17 

18 

Nov.    1.5 

+  0.01.'i 

19.36 

9 

L6.3 

-0.233 

18.49 

26 

Mean 

-0.1284 

+  18.72 

1X07  Jan.. 'tO. O 

I- 

II 

—0.002 

18.61 

24 

Feb.  21.5 

-0.050 

1  9. 1  1 

26 

Mar.  12 

0.126 

1  7.99 

14 

Mean 

0.0486 

18.68 

Mav  13.7 

II- 

111 

1  0.045 

12.90 

-7 

27.7 

+  0.043 

L3.44 

'!" 

Mean 

+  0.0439 

L3.20 

duly    9.4 

III 

-IV 

-0.352 

11.01 

20 

27.2 

—  0.299 

L2.18 

•>•> 

Aug.  5.0 

-0.323 

L2.42 

15 

12.0 

-0.173 

12.18 

14 

23.0 

-0.107 

11.40 

19 

Mean 

0.2546 

11.93 

Let    //  =  20.4451  ./•.    Then  y  is  the  correction  to  Stki  vhe's 

constant.     Our  four  means  then  give  us  the  following  equa- 
tions : 

0.916  y  =    +0.1  I'M 

0.911  y  =    +0.0486 

0.6462/  =    -0.0439 

0.584?/   =    +0.2540 

y  =    +0.1268 
Struve  20.4451 


Final  Value, 


IO  .572  ±0  .OOO 


The  probable  error  is  derived  from  the  value  for  a  single 
observed  latitude.  This  was  found  from  a  discussion  of  all 
of  the  observations  to  be  ±0".14. 

It  will  be  observed  that  the  above  value  of  the  aberration- 
constant  is  even  larger  than  that  deduced  from  my  South 
Bethlehem  observations,  20".55  (A.J.  406) ;  but  it  appears 
to  be  the  legitimate  outcome  of  the  data. 


OBSERVATIONS   OF   VARIABLE    STARS  —  No.  5, 

By  WM.  E.  SPERRA. 

mum  occurred  about  March  17  ±5  days.     The  date  may 
useful  as  a  check  in  computing  the  elements  of  the  star. 


103.  T  Andromedae. 
This  star  reached  a  maximum  in  1897  March,  but  was 
at  that  time  lost  in  the  sun's  rays.  I  secured  three  obser- 
vations on  the  rise  before  the  star  got  too  low  in  the  west, 
and  six  observations  on  the  decline  after  the  star  emerged 
from  the  sun's  rays  in  the  morning  sky  ;  the  individual 
observations  are  given  below,  and  indicate  that  the  maxi- 


1897  Feb.    19 

10 

1897 

Apr. 

12 

9.0 

1'4 

9.9 

17 

8.8 

27 

9.6 

24 

9.2 

Mar.  31 

8.5 

25 

9.4 

Apr.      4 

8.9 

160 
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1981.      S  Camelopardalis. 
Twenty-three  observations  of   this    star,  between    1896 
iv!    2  and   L897  March  7.  indicate  a  slight  fall  droit)  8". 7 
;,t  first  dati  •■  end  of  that  month, then  an  inter- 

ruption of  several  weeks  occurred  in  the  rise  at  8".4,  and 
the  maximum  of  7\'.>  was  reached  1897  .'an.  12,  after  which 
the  decline  was  steady  to  9*.0  at  last  observation. 
2100.      I    Ononis. 
\   series  oi    fifteen    observations,   extending  from   L897 
,rv  19  to  May  5,  indicate  as  the  date  of  maximum 
L897  March  11,  at  6¥.0.     The  rise  was  rapid  ami  regular, 
while  the  decline  was  slightlj   irregular.     The  magnitude 
at  the  first  ami  last  observations  was  7*.0. 
Randolph,  Ohio,  in:is  ./„„,,„,„  25. 


1521.  //  Virginh. 
!  stai  was  observed  thirty-three  times  between,  1897 
February  L.S  and  July  '■'<■  resulting  in  a  minimum  lot-  1897 
March  Hi  at  II". 2,  and  a  maximum  lot-  L897  May  26  at 
6*. 6.  At  the  first  observation  the  star  was  at  10".0,  and 
.ii  i  i,,   lasf  date,  8M.5. 

5157.  S  Bootis. 
Eighteen  observations,  between  L897  March  10  and  June 
9,  indicate  a  slew  use  from  '.•".'J  at  first  date  to  9".0  about 
A  (nil  5,  after  which  date  tin-  rise  was  rapid  to  tin-  maxi- 
mum which  occurred  1897  Maj  L'.~»  ;it  7".8.  The  fall  was 
steady  to  '.r1  2  at  last  observation. 


XKW    VAKIABLE    IX    PUJPPI8* 

-h  .j,;m  20».9     .      -Jit    21'.4  (1865), 
V,\    AIM  III  l;  i  .   PERRY. 


The  star  S.DM.  — 20°2007  announced  1>\  me  in  A.J.39B 
as  probably  variable,  has  proved  to  he  such.     It  was  ob- 
served last  \  cat',  until  it  was  too  taf  w  est  to  In'  further  seen, 
without  noting  a  variation  of  over  hall  a  magnitude.      It  is 
Brooklyn.  X<w  Tork,  1898  Feb    13. 


now  nearlj  two  magnitudes  fainter  than  its  brightest  phase 
last  year.  The  position  of  this  star  in  relation  to  the  vari- 
able 2690  X Puppix  is  9*.1  preceding,  ami  1  l'.7  north, 
according  to  the  S.DM.  Catalogue. 


CONFIRMATION   <>K    VARIABILITY,* 
By  HENRY   M.   PARKHURST. 


Early  in  March,   1897,   Mr.  Perri    requested  me  to  ob- 
serve S.DM.      20°2007,  which  he  suspected  of  variability, 
two  magnitudes   brighter  than  the  S.DM.  estimate. 
\|     observations  showed  a  maximum  on  1897  Marchl7; 


hut  as  it  had  only  fallen  hall  a  magnitude  during  the  few 
weeks  of  observation,  it  was  deemed  best  to  wait  another 
year  before  making  the  announcement.  The  star  has  now 
fallen  two  magnitudes,  fully  establishing  its  variability. 


accordance  with  the  foregoing  discovers  t>\   .Mr.   Perky,  ami  confirmation  by  Mr.  II.  M.  Parkhi  bst,  the  following  definitive 
notation  is  herewith  assigned: 

2689  Z Puppis,     (19 7*  28ra   Is-       -20    26'.7     ;     (1855)  7h  26m  21"    —20    i'1'.l.  En. 


ANDKKSO.VS    XKW     VARIABLE    IX    GEM1X1* 

6h  37m  50-.0     ,     +30°  25'. 2  (1855), 
By  .1.  A.    PARKHURST. 


The  variability  of  this  star 

was  announced  by  Anderson 

The  following    are  the 

positions    of    the    three    nearest 

in  A.N.  .-Mr,;;,  he  finding  ;t  8" 

.:;. 

on   1897  Nov.  28.     1   have 

comparison-stars  relative  to  the  variable  : 

the  following  observations  : 

1898  Jan.    4          9*4 

'.i.:; 
16         '.>.7 

1898  dan.  26         10*3 
l".t         10.5 

1'eli.     15               10.  -.1 

<l        —o.r 

d          +8.7 

L.2          11 
+0.9         12 
+1.9         10 

20       KM* 

The  referenee-point  for 

magnif  tide  is  t  he  star  </.  which 

The  variability  thus  seems 

established  beyond  a  doubt. 

is  estimated  h\   Anderson 

as    L0».0. 

•The  proof  of  variability  warrants  the  assignment  of  tin-  following  definitive  notation: 

(II (  «">  40m  43'     +30    22'.6     :     (1855)  &  37m  50"     -fan    25'.2. 


CONTENTS. 
Observations  o\  Professor  Newcomb's  Determination  or  the  Principai    Elemeni  oi   Precession,  by  <:.  W.  Hill. 
Secular  Perturbations  oi    Venus  from  the  Action  or  the  Earth,  by  Eric  Doolittle. 
The  Constani  oi    aberration,  by  C.  I..   Dooltttle. 
Obsbri  vi ion-  oi    Variable  Stars  — No.  ."..  by  Wm.  E.  Sperra. 

New  Variable  in  Pi  ppis,  by  Arthur  C.   Perry;  ami  Confirmation  of  Variability,  by  Henry  M.  Parkhi  bst. 
Anderson's  Ni.iv  Variable  in  Gemini,  by  .!.  A.   I'.viikiihsi.  
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DOUBLE-STA 

Bi    R.  <:. 

The  following  measures  were  made  with  the  36-inch  and 
12-inch  telescopes  of  the  Lick  Observatory.  With  the 
former  telescope,  eyepieces  with  powers  of  1000  and  1500 
were  used;  and  with  the  latter,  500  and  700  power  eye- 
pieces.    A  few  exceptions  are  indicated  in  the  notes. 

In  observing  the  eyes  were  held  normal  or  parallel  to  the 
line  joining  the  stars,  and  four  or  more  independent  settings 
were  made  for  the  position-angles,  and  three  or  more  double- 
distance  settings  for  the  distances.     In  general,  the  stars 


R  MEASURES, 

AITKEX. 

were  observed  within  two  hours  of  the  meridian,  and  meas- 
ures were  only  made  on  nights  when  the  eyepieces  men- 
tioned above  could  be  used  to  advantage. 

The  columns  give  in  order,  the  date,  position-angle, 
distance,  the  seeing  (which  may  also  be  taken  as  the 
weight  of  the  measure,  5  being  maximum),  and  the  telescope 
used. 

The  positions  are  for  1900.0  — the  less  accurate  ones  lie- 
in--  given  only  to  one-tenth  minute  in  right-ascension. 


-T3062     (6.9  ;  7.5). 

a  =  0h  1"'  2».      ;     8  =  +57°  53' 

1897.827         333.5         1.63         3 

12 

.830         333.6         1.43         4 

12 

.833         334.9         1.45         4 

12 

1897.83           334.0         1.50 

01027     (7.2  ;  10.3). 

a  =  0h  9">  4G»     ;     8  =  +20°  59' 

1897.876         181.5         1.45         3 

12 

.882         180.6         1.72         4 

12 

.898         180.5         1.69         4 

12 

1897.89  180.9         1.62 

Angle  apparently  diminishing. 

h  1968     (7.5  ;  10.2). 

a  =  0h  22m  36s     ;     8  =  — 10°  58' 

1897.709         109.0         2.47         4 
.712  107.5         2.47         4 

.745  105.7  2.52         3 


1897.72 


107.4 


2.49 


A  new  discussion  of  the  relative  proper  mo- 
tion of  this  pair  by  Prof.  S.  Glasenapp  is 
published  in  the  Proc.  Russian  Astron.  Soc. 
for  April,  1897.  From  this  paper  it  appears 
that  ^  =  0".2753  in  the  direction  235°.  11, 
ami  that  the  minimum  distance.  2 ".28,  will  be 
reached  in  1904. 


/8 

1094     (.r 

.7  ;  9.5). 

a  = 

0h 

24m  45» 

8  =  +59c 

20' 

1897.882 

245.0 

0.79 

4 

12 

.991 

247.7 

D.77 

3 

12 

.994 

246  1 

0.81 

4 

12 

1897.96 

246.3 

0.79 

No  chan 

je. 

P 

395     (6.9  ;  7.2). 

a  = 

0h  32m  12» 

8  =  -25° 

19' 

1897.909 

273.1 

0.25 

3 

36 

.912 

273.6 

0.25 

3 

36 

.932 

274.1 

0.30 

3 

36 

1S97.92 

273.7 

0.27 

These  measures  were 

published  in 

A.J.  424. 

^60 

= 

■q  Cassiopeae     (4 

?)■ 

a  = 

0" 

43™  3»     ; 

8  =  +57° 

17' 

1897.827 

210.9 

5.10 

4 

12 

.830 

210.4 

5.13 

4 

12 

.833 

21  1.5 

5.09 

3 

12 

1897.83 

210.9 

5.11 

.T73  = 

36 

Andrort 

edae     (6.2 

;  6 

8). 

a  = 

0K 

49m  37B 

;    8  =  +23 

3  5' 

L897.975 

18.0 

1.24 

o 

12 

.978 

16.6 

1.26 

3 

12 

.981 

16.8 

l.L'l 

4 

12 

is;  17. '.is 

17.1 

1.24 

/81161     (6.9  ;  7.7). 

a  =  0h  57'"  3»     ;    8  =  +51c 

10' 

1897.830         329.4         0.5  ± 

3 

12 

.978         332.6         0.5  ± 

3 

12 

1s;»7.'.mi          331.0        0.5± 

Some  change  in  the  angle. 

/J235     (7  ;  7+). 

a  =  lh  4'"  39s     ;     8  =  +50° 

29' 

1897.827           87.4         0.86 

4 

12 

.830       '   88.2         0.84 

4 

12 

.863           87.2         0.89 

3 

12 

1897.84             87.6        0.S6 

Angle  and  distance  are  both  increasii 

g. 

02515  =  <f  Andromedae     ( 

5    ; 

6). 

a  =  lh  3ra  42s     ;     8  =  +46° 

42' 

1897.950           57.0         0.23 

o 

36 

.989           59.4         0.20 

3 

36 

1898.011           52.8         0.26 

2 

36 

1897.98             56.4         0.23 

Seeing  not  good  enough  to  make  the  quad- 
rant entirely  certain.    If  correct  as  here  given. 

the  companion  has  passed  through  an  arc  of 
250°  since  1S51. 

(101) 
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0258     (6. 

!  ;  9.7). 

;lisi     ,s. 

:    8.3). 

0552     (6.9  |  10.2). 

u  = 

8  =  +oi° 

1' 

u  = 

1     !  !     25'     : 

8  =  +22 

r 

a  =  4l>4(i"'  If     ;    8  =  +13° 

29' 

L897.827 

258.6 

l.i'i 

•  > 

L2 

L897.863 

262  s 

0.77 

4 

11' 

1897.715        los.i;        0.38 

3 

36 

,830 

256.0 

0.87 

3 

12 

.882 

270.1 

0.74 

:; 

1L' 

.7;;i         188.2        0.48 

4 

36. 

.863 

255.5 

L .  1 2 

3 

12 

.898 

265.9 

0.69 

i 

1L' 

.707         101.1         o.u 
.on        107.:;       o.u; 
.07.0         193.0         0.46 

*> 

3 
3 

36 
36 
36 

L897.84 

256.7 

Idl 

1897.88 

266.3 

0.73 

A  11'"  star  is  situated    11     from  . 
204°. 

in 

ingle 

Slow  increase  in  angle 

unl  distance. 

1S07.S2           193.7         o.ll 

01100   a 

+■    ;  7+t. 

This  Btar  is  much  re  difficult 

than 

the 

lh  sm  24*    ; 

8  =  +eoc 

25' 

0265     (6 

5  ;  7). 

preceding  one.     The    second   pos! 

inn  angle 

was  wrongw  printed  in  A.J.  415. 

\ rdlne 

L897.863 

32.7 

ii  65 

3 

12 

u  = 

(h    |401    |v        ; 

8  =  +25° 

17' 

to  the  mean  position  given  above  the  motion 

.978 

34.0 

0.89 

3 

12 

1897.863 

204.8 

0.65 

4 

12 

is  not  so  rapid  as  Indicated  in  the 

note 

re- 

.991 

:;i  3 

0.70 

3 

L2 

.898 
.912 

205.7 
201.7 

0.69 
0.60 

4 
3 

12 
36 

[erred  to, 

c;2'98  =  1  1  iOrionis     (6.0 

;  6.8 

1897.94 

.",:;.:       0.7.7 

4  the  angle  was  IS  .6,  the  distance 

hi  L889.E 

1897.89 

204.1 

0.65 

)■ 

0  .1-.  bj  0' 

s  measures. 

u  =  .-,'■  2"'  20"     ;     8  =  +S° 

22' 

a  = 

L897  882 

/ill"-".!       (8 

,,,  ,  .,,„  t2. 

289.6 
294.9 
293.4 

1  ;  8.4). 
;    S  =  —  35 

1.25 

1.12 

1.04 

r 
4 
3 

1 

12 
12 
12 

a  = 

1897.950 
.989 

"2  74      (8 

1     6      19"      : 

292.3 
291.9 

;  8+). 
8  =  +sr 

0.39 
0.38 

.'4' 
.". 

3 

36 

36 

1S07.0.7O         172.0         1.28 
.978         17.7.8         1.11 
.989         176.1         1.12 

3 
3 
4 

12 
12 

12 

.991 
.994 

1S07.O7             171.(1          1.18 

1898.011 

293.0 

0.44 

2 

36 

Slow,  retrograde  motion.    An  an 
been  traversed  since  1843. 

oi  7-"< 

has 

292.6 

1.1  1 

1897.96 

1897.98 

292. 1 

o.lo 

Nil  change. 

3  509     (8. 

4  ;  8.7). 

.£518 

=  O-  Erldanl     (10 

ii 

• 

A.C.  3     (7.2  :  8.7). 

a  = 

Lb  38™  29*. 

;    8  =  +9 

4' 

a  = 

41,  10".  4fl«      ; 

8  =  -7° 

47' 

a  =  6h  6m  47»     ;     8  =  —4° 

39' 

1897.882 

.898 

.'.ITS 

252.5 
252.6 
250:2 

0.89 

0.77 
0.84 

4 
4 
o 

12 
12 
12 

is:  17. '.'7.0 

.978 
.991 

76.0 

70.4 
76.3 

2.39 
2.67 

2.80 

3 

2 

3 

12 
12 
12 

1897.950         172.7         1.01 
,989         1 7.5.8        0.90 
.00  1         1*8.5        0.96 

3 
4 
3 

12 
12 
12 

L897.92 

251.8 

0.83 

1897.97 

77.1' 

2.62 

.007         174.0         lit 

3 

12 

The  un<; 

e  has  chani. 

ed  20   Binci 

discovery 

1897.08            17I.S          1.00 

in  1878. 

Small  star  very  faint  on  all  nights 

Little  or  no  change. 

<>±:;s  = 

y  Andromedae,  /•' '    i 

5.5 

;  7). 

a  = 

8  =  +41< 

51' 

tCSL'      (8.0  ;  8.7). 

L897.950 

L19.0 

0.27 

3 

36 

a  = 

4"  17"' 4'     ; 

8  =  +14° 

49' 

A.G.C.  1  =  Sirius. 

.989 

117.0 

ILL'S 

3 

36 

1897.950 

12  1.:; 

0.86 

3 

12 

a  =  6h  40"'  44"     ;     8  =  — 1C 

°35' 

L898.011 

118.3 

0.32 

2 

36 

.978 
.989 

128.3 
128.2 

0.96 
0.83 

o 
3 

12 
12 

1897.731         17.7.0         3.92 
.7.7(1          17  1.1           l.<>  1 
.838         17.7.8        4.14 

5 
3 

5 

36 

1897.98 

L18.1 

0.29 

36 

1897.97 

126.9 

0.88 

36 

ii'i's    it; 

7    :    7.6). 

.915         172.8 

1 

36 

a  = 

■   :     18 

8  =  +47c 

V 

A  binarj 

in  retrograde  motion. 

1897.81           171.7         4.03 

1897.991 

78.9 

0.63 

4 

12 

.994 

75  2 

0.65 

4 

12 

0883     (7  + 

;   7+). 

These  measures  were  published  in  A.  J.  424. 

L898.005 

75.3 

0.63 

1 

12 

a  = 

I1'  I:,'"  40"     ; 

8  =  +10 

=  54' 

They  were   all  made  with  a  520  i 
piece,  and  with  the  star  near  the 

tower 
nierii 

eye- 
Ian. 

1898.00 

76.5 

0.64 

1897.715 

30.6 

0.23 

;; 

36 

Clouds  prevented  distance  measure  on  the  last 

II hanse  in  an^le  since  S  (18:31)  amounts 

.731 

29.9 

0.26 

4 

36 

night. 

to  171  . 

.707 

28.4 

0.27 

3 

36 

0 1030     (8 

f    ;   8+). 

.000 

34.4 

0.32 

2 

36 

2' 1074     (7.8  ;  8.2). 

a  = 

Ob  4m  21«      ; 

8  =  +21° 

22' 

.912 

32.1 

ii.:;:; 

3 

36 

a  =  7h  15"  23>     ;    8  =  +0C 

35' 

1897.882 

161  6 
165.6 

0.73 
0.72 

3 

3 

12 
12 

.950 

33.7 

0.30 

:; 

36 

1897.950         111.4        0.77 
.989         136.6        0.81 

4 
3 

12 

898 

1897.75 

29.6 

0-.25 

L2 

.978 

155.3 

0.83 

3 

12 

.997         147.3         0.72 

3 

12 

.981 

161.2 

[0.7±] 

:; 

12 

1897.92 

33.4 

0.32 

1897.98            141.8         0.77 

1897.93 

160.9 

0.76 

The  first  two  of  the  above  measures 

were 

Fog  stopped  work  before  distance  could  be 

published  in  A.J.  415. 

C,  12",  is  Hi"  n.  of  Ali  in  angle  9". 

measured 

on    the    last 

night.     The  distance 

As  there 

indicated,   the  quadrant  is 

inde- 

D,  10M,  is  54"  preceding  AB  in  angle  27»". 

seems  to  be  increasing. 

terminate. 

Slow,  direct  motion. 
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Procyon  (Schaeberle's  companion). 

a  =  7h  34'"  7»     ;     8  =  +5°  29' 

L897.838  32L7  lls4  4  36 
.876  324.8  4.(i7  4  36 
.915         324.8         4.59         4       30 


1897.88 


:i2;;.s 


1.70 


These  measures  were  published  in  A.J.  424. 
They  were  made  with  a  520-povver  eyepiece. 

0101  =  9  Argus     (5.7  ;  6.3). 

a  _  7h  47m  18,    .    g  _  _13°  38, 

1897.833  290.0  0.59  4  12 
.835  294.7  0.6.-)  3  12 
.868         293.3         0.63         3       36 


1897.85 


292. 


0.62 


.21196  =  £Cancri,AB     (5.5  ;  6.2). 


a  =  8h  6m  29s 


8  =  +17°  58' 


1897.833  8.3         l.lo         4       12 

.835  9.6         1.05         3       12 

.868  11.2         1.13         3       12 


1897.85 


1.09 


23121     (7.2  ;  7.5). 
a  =  9hllm57"    ;    8  =  +29°0' 
1897.833  14.3         0.77         4       12 

.835  12.6        0.77        3       12 

.868  14.9         0.75         3       12 


1897.85 


13.9 


0.76 


21356  =  to  Leonis     (6  ;  7). 

a  =  9h  23'"  6s     ;    8  =  +9°  30' 
1897.833         108.3         0.86         3       12 
.835         109.5         0.90         3       12 
.868         108.0         0.87         3       12 


1897.85 


10S.6 


0.S8 


A.C.  5  =  8  Sextantis     (54;  ;  6). 

a  =  9h  47'"  34s     ;    8  =  —7°  38' 

1897.868  91.5         0.39         3       36 

.915  91.4         0.39         3       36 

189S.022  90.2         0.39         3       36 


1897.93 


91.0 


0.39 


21523  =  £  Ursae  Majoris     (4  ;  5). 
a  =  llh  121"  51s     ;     8  =  +32°  6' 
1897.989         159.1         2.00         4       12 
.997         160.2         2.08         3       12 


1897.99 


159.6 


2.04 


21670  =  y  Virginia     (3  ;  3.2). 
a  =  12h  36'"  36-     ;     8  =  —0°  54' 
1897.948         329.2         5.43         3       12 
.997         330.2         5.69         4       12 


1897.97 


329.7 


5.56 


Both  of  the  above  are  daylight  measures, 
the  first  being  made  at  10  a.m.,  the  second  just 
at  sunrise. 


2193,7  —  7  Coronae Borealis     (5.5  ;  6). 
a  =  15h  19"'  4".      ;     8  =  +30°  39' 

L897.772  335.0  0/73  3  12 

.781  339.2  0.60  3  12 

.797  334.4  (1.50  4  12 

.997  334.5  0.02  4  12 


1897.84 


:;35.s 


0.63 


2  1938  =  ,u'2  Booth     (6.5  ;  8). 
a  =  151'  20"'  44s     ;     8  =  +37°  43' 

1897.781  75.1         0.67         3       12 

.797  79.1         0.94         4       12 

.997  76.5         0.89         4       12 


1S97.S0 


76.9 


u.s: 


02  298      (7  ;  7.4). 


a  =  15''  32'"  30"  ;     8  =  +40°  9' 

1897.78J         174.4  1.01         3  12 

.797         175.6  1.18         4  12 

.997         180.6  1.15         4  12 


1897.86 


176.9 


1.11 


2  2032  =  o-  Coronae  Borealis  (6  ;  7). 
a  =  16"  10'"  568     ;     8  =  +34°  7' 

1S97.770  209.9  4.42  3  12 
.772  209.7  4.26  3  12 
.781         210.0         4.25         4       12 


1897.77 


209.9 


4.31 


01249     (8.8  ;  9). 

a  =  17h  19"'  56s     ;     8  =  +53°  57' 

1N97.709  82.3         0.46         4       12 

Very  difficult.     C,  9M,  follows  in  74°.3,  dis- 
tance 00". 

01250     (9+   ;  9  +  ). 
a  =  17h  21-"  5»     ;     8  =  +30°  50' 
1897. 704  65.0         1.93         3       12 

.709  63.9         2.05         4       12 

.712  65.9         2.00         4       12 


1897.71  64.9 

No  certain  change. 


1.99 


01121     (8.5  ;  9.0). 
a  =  17h  32"".8     ;    8  =  +12°  36' 
1897.704         242.5         0.66         3       12 
.709         238.5         0.62         4       12 
.712         241.4         0.63         4       12 


1897.71  240.8 

Unchanged. 


0.64 


01202     (8.2  ;  9.8). 
a  =  17h  56m  37B     ;     8  =  +3°  33' 
1897.712         .341.1         0.76         4       12 
.729         346.6         0.87         3       12 
.745         351.2         0.83         3       12 


0  1127      (7.S   ;   '.1.7,. 
a  =  17h  59"' 34»     ;     8  =  +44'  11' 

L897.704  12N.2  0*89  3  12 
.709  128.4  0.86  4  12 
.729         134.8         0.89         3        12 


1897.71 


130.5 


o.xs 


Considerable  change  in  angle,     ft  in  1889.53 
found  144°. 7. 

2  2272  =  70  Ophiuchi     (4.5  ;  6). 

a  =  lSh  0'"  24"     ;     8  =  +2°  31' 

1897.827  270.0  2.01  3  12 
.833  275.5  1.91  4  12 
.835    278.1    1.87    3   12 


IS97..S3 


276.7    1.93 


0641     (7.3  ;  9.0). 
a  =  18h  17'"  34"     ;     8  =  +21°  28' 
1897.693         340.8         1.00         3       12 
.709         344.2         0.93         4       12 
.712         341.8         0.98         4       12 


1897.70  342.3  0.97 

Slow  retrograde  motion. 

0648     (6.0  ;  9.2). 

a  =  IS1"  53'"  16'     ;  8  =  +32°  46' 

1897.693         228.1  1.35         3       12 

.709         231.1  1.43         4        12 

.712         230.1  1.22         4       12 


1897.70 


229.8 


1.33 


Probably  binary,  but  the  form  of  the  orbit 
is  still  uncertain.  The  only  other  measures  I 
can  find  are 


878.47 

312.5 

0.61 

0      -' 

79.47 

298.3 

0.66 

0       1 

91.33 

247.7 

1.26 

0      3 

92.38 

245.6 

1.29 

0       5 

95.59 

237.9 

1.49 

Lewis  3 

896.49 

231.5 

1.34 

Aitken  3 

2  2438     (7.2  ;  7.3). 
a  =  18u  55'"  49"     ;     8  =  +58°  5' 

1897.797  29.2         0.30         3       36 

.833  30.9         0.31         4       36 

.838  31.1         0.29         3       36 


1S97.S2 


30.4 


u.:;o 


1897.73  346.3        0.82 

Faint  and  difficult  on  all  nights. 


This  star  has  nearly  completed  one  revolu- 
tion since  the  first  measure  by  Heicsciiel  in 
17S3. 

J  19  =  Cygni  4  (7.9  ;  9.4). 

a  =  19h  6'"  17"     ;  8  =  +55°  10' 

1897.693           19.1  0.82         3       12 

.709           13.3  0.83         4       12 

.729           18.0  0.84         3       12 


L897.71 


16.8 


0.83 
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Kit  ■ 

a  =  IV 


9.2  . 

+71    28' 


L  897.693 

.nut 
.729 


263.3 

264  1 
258.5 


L.39 
1 .22 
L.29 


1897.71  262.0         L.30 

1 1 1  1889.27  ,->•  found  271  .1,  r  .  1 1.    1  know  of 
no  other  measures. 

/8146     (8.1  ;  9.2). 

u  =  19'Ml"'.:;     ;     S  =  — 20°7' 

1897.729  306.2  1.07  3  L2 
.737  306.6  l.S5(iwt)2  12 
.745         304.7         0.97         3       12 


1897.74 


305.8 


L.09 


£1133     (6.8  ;  9.6). 
a  =  19h55"'41-     ;     8  =  +31° 
1897.770        337.0         L.04 
.781         336.4         0.87 
.827         332.4         0.87 


1897.79  335.3 

No  certain  change. 


0.93 


£1258     (8.0  ;   10.8). 

a  =  19*  56*  i:,-     ;  8  =  +29°  39' 

1897.770         L53.8  1.60        3 

.781         166.1  L.50        4 

827        L51.9  L.57       :: 


1S-.I7.7V) 


153.9         1.56 


The  angle  is  slowly  diminishing  without 
much  change  in  the  distance. 


IV 


£1205     i 

a  =  20h  6m  51« 
-.7(14  18.6 

.709  42.9 

.729  48. 1 


U  ,  9.4V 

;  8  =  —8°  23' 
0.7(1  3 
0.67  3 
0.73        3 


1897.71  16.6 

Change  doubtful. 


0.70 


OS  1"".     ,7.:;  :  7.7  i. 


a  =  20"  6,n  55s     ; 
L897.605  17.6 

.797  16.0 

is.:' 

1897.74  17.:; 


8  =  +43°  39' 

0.20        3  36 

0.19         3  36 

0.22        3  36 


£151  =  pDelphini. 
a  =  20h  82n>  52«     :     S 


,1   ;  6). 
+  11    15' 


£1206     (7.8  ;  10.8). 

a  =  20h  15m  21"     ;     8  =  +36°  27' 

L897.781         354.7         2.25         3       12 
.876         356.6  —  2       12 


1.897.51$ 
.523 
.61  I 


L897  55 


360.2 
355.0 
353.8 

356.3 


0.73 
0.73 
0.59 

U.CN 


L897.83    356.6 

Small  star  very  faint. 
be  diminishing. 


2.25 
The  angle  seems  to 


02  11."-  =  A  Cygni.     (5  ;  7). 

a  =  20*  i:Y"  31'     :     8  =  +36   7' 

L897.835  66.2        0.64        3 

.854  67.1         0.64         3 

.876  64.0        0.58        2 


L897.85 


05.8 


0.62 


£1034  =7  Aquarii.  (6.0  ;  11. 

a  =  20h  51">  30<     ;  8  =  — ItPo' 

L897.704         L65.0  2.14         4 

.709         163.3  3 

.745         162.8  1.97 


is;  1 7 


163. 


2.05 


No  change  since  p's  measure  in  1888. 

£1211     (7.5  ;  8.1). 

a  =  20h58m2S'     ;     8  = —18°  30' 

L897.704         347.6         0.67         3 

.709         347.5         0.66        4 

.745         347.7         0.67         3 


1897.72  347.6 

( lhange  uncertain. 

Sece.lt  I  BC 
a  =  20''  59m  4;> 

L897.693         150.7 

.709  150.6 

.729         1  19.6 


0.67 


(9  ;  9). 

;  8  =  +3°8' 
1.12  2 

1.18  4 
0.98         3 


1897.71 


150.3 


1.09 


J  and  BC  =  -i'2749. 
1897.693        155.6        3.09 


12 


£1135     (8.3  ;  10.7). 

a  =  20i>25m50>     ;     8  =  +45     24' 

1897.781         340.4         1.56        4       1! 


Kiistner 

a  =  21h5"'  29> 

1897.772  271.6 

.781  273.2 

.854  273.6 

.s<;:;  274.2 


y  Equulei     (4.2  ;  11). 


8  =  +'.'  44' 

2.29  2 

2.24  3 

2.64  2 

2.42  3 


1897.82  273.2        2.40 

Third  distance-measure  hurried. 

02'  535  =  BHquulei     (4.5  ;  5.0). 


a  =  U  1 ''  '.'"'  37" 

8  =  +9° 

07' 

1897.781         208.8 

0.36 

4 

12 

.830         204.6 

0.30 

4 

36 

.854        208.6 

0.36 

3 

36 

.863         216.2 

(1.30 

3 

12 

£1261      (8.5  ;  9.7). 

a  =  21''  11"'25»      ;      8  =  +15-11' 

1897.781  1  is.o  1.60  3  12 
863  148.4  1.62  3  12 
.876         148.3         1.50        3       12 


1897.84  148.2 

Prohahh  unchanged. 


1.57 


£838     (8.3  ;  9.2). 
a  =  21>>  15"»  52"     ;     8  =  +2   42' 
1897.734  95.0         1.34        3 

.737  91.1         1.56 

.745  96.3         1.27         3 


1897.74 


93.8 


1.39 


OS  435     (8.4  ;  8.5). 
a  =  21*-  lom  20"     ;     8  =  +2°  28' 
1897.734         213.9        0.80        3 
.737         213.0         (1.77 
.715         216.8         0.70        3 

1897.74  214.0 


1897.83  2(i9.0         0.33 

The  12-inch  measures  were  made   with  a 
900-power  eyepiece. 


0.76 

£1262     (S.3  ;  9.0). 

a  =  21h  16'".S     ;     8  =  —15°  21' 

1897.704         112.3         2.02        3 

.712         110.7         1.94         4 

.734         113.8         1.97         3 


1897.72  112.:; 

( lhange  doubtful. 


1.98 


£72     (8.3  ;  8.9). 

a  =  21h  24"'.S     ;     8  =  — 5 

1897.734  36.0         1.94 

.737  10.4         1.93 

.7  15  36.5         1.80 


1897.74 


37.6 


1.89 


12 
12 
12 


12 
12 
12 


12 
12 
12 


12 
12 

12 


Vjigle    slowly  diminishing;    distance 
changed. 

£684     (8.7  ;  8.9). 

a  =  21h24"".9     ;     8  =s  -5=52' 

1897.737         125.1         1.17         3 

.745         123.8         1.21         3 

.767         125.5         1.10         2 


12 
12 
12 


1S97.75  124.8         1.16 

Angle  is  slowly  diminishing. 

£1212  =  24  Aquarii  (6.3  ;  7.1). 

a  =  21h  34'"  22a     ;     8  =  —0°  30' 

1897.772        264.6         0.63  3 

.781         263.8         0.75  4 

.863         262.1         0.58  3 


1897.81  263.5         0.65 

0  in  1890.75  found  251. 5.  0*.  15. 
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01036     (8.0  ;  ll.(i). 
=  21M2m5«     ;     8  =  —17°  45' 


1897.704 

204.8 

4.53 

3 

12 

.711' 

207.4 

4.70 

1 

12 

.734 

203  l 

5.05 

2 

12 

1S97.72 

L'lC.l 

4.76 

No  change 

1875     (8.1 

;  8.3). 

a  =  2] 

h  50m  38B    ; 

8  =  +10 

25' 

1897.781 

39.9 

l.(il 

3 

12 

.830 

39.6 

1.01 

3 

12 

.863 

39.0 

1.22 

3 

12 

1897.82  39.5         1.09 

Apparently  no  change  since  1891. 

0  172  =  51  Aquarii     (5.6  ;  6.0). 
a  =  22h  IS'"  545     ;     8  =  —5°  21' 


1897.704 
.709 
.712 


5.8 
4.0 
6.1 


0.73 
0.72 
0.74 


0382     ,7.:;  ;  8.8). 
a  =  22h49ra12"     ;     8  =  +11    L3' 


1897.830 

.si;;; 
.876 


220.4 
220.9 

212.:; 


1.12 
1.08 

l.n| 


L897.86  221.2 

Slow  direct  motion. 

01025     (8.0 

a  =  231'  2'"  4S8     ; 

L897.781  268.7 
.830  273.0 
.863         272,1 


1.07 


;  10.8). 
8  =  +12°  8' 
0.84         3 
0.87         3 
0.93         4 


1S97.N2 


271.1 


0.88 


A  12M-star  follows  A  in  S2°,  22".4. 
The  only  other  measure  is  by  /3  in  1891.57; 
268:>.6,  0".77. 

,3  79      (8.0   ;   8.0). 
a  =  23h  12m  28B     ;     8  =  —2°  5' 
1S97.704  84.8         0.90         3        12 

.709  87.4         1.04         4       12 

.712  86.9         1.00         4       12 


1897.71  5.3         0.73 

Slow  retrograde  motion. 
Lick  Observatory,  University  of  California,  1S9S  January  21 


1S97.71 


86.4 


0.98 


The  angle  is  diminishing.  The  two  stars 
have  a  common  proper  motion  of  0".212  in 
119°.  7. 


0720  =  72  Pegasi     (6  ;  6). 
a  =  23h  28m  59      ;     S  =  +30°  46' 


(.897.932 


L58.6 


0.38 


0858     (8.0  ;  S.2). 

a  =  23>'3Gm  18»     ;     8  =  +32   6'. 

L897.863        261.1         0.70        4 

.876         264.5         0.69         3 

.882         262.1  0.72         3 


36 


12 
12 

12 


1897.87 

0733  = 
a  =  23h 

1897.548 

.731 


202. 0  0.70 

85  Pegasi     (6  ;  11.2). 
56">  57»     ;    8  =  +20°  33' 
A  ami  B. 

20G.4         0.60  2 

213.1  0.77  5 
210.1         0.73  3 


1897.72 


ISO  7. 534 
.597 


209.9 


0.70 


1  and  C    (0.0  ;  9.0). 
346.3       31.36 
345.9       31.62 


36 
36 


LS97.56 


1897.534 

.597 


346.1       31.49 

and  D     (—   ;  13.2). 

288.0  81.98         2 

288.1  81.80         2 


36 
36 


1897.56 

Measures  of 
eyepiece. 


288.0       81.89 
C  and  D  made  with  520-power 


NOTE  ON 


THE   VALUE   OF   THE   ABERRATION-CONSTANT    DERIVED 
KUSTNER'S   OBSERVATIONS   OF   1884-1885, 

By  SIMON   NEWCOMB. 


FROM 


In  number  427  of  the  Astronomical  Journal,  Chandler 
mentions  a  large  difference  between  the  values  of  the 
aberration-constant  which  he  himself  and  I  derived  from 
Kustner's  work  of  1884-1885  at  Berlin.  I  derived  20".46, 
while  he  derives  20". 61.  I  did  not  re-discuss  Kustner's 
original  observations,  but  used  the  final  equations  given  by 
him  (Astr.  Nachr.,  Vol.  125,  s.  276)  as  the  final  outcome  of 
his  work.  These  equations  are  as  follows.  The  value  of 
.  I<i  which  follows  each  equation  is  taken  from  Chandler's 
curves  in  the  Astronomical  Journal. 


1SS4.32       q>  =  16.73   -0.82  J  A 
1884.70  16.96   +0.83 

1885.31  16.52   -0.85 


Jcp  =  -0.10 
+  0.2O 
-0.21 


Supposing  the  mean  latitude  cj  u  corrected  by  these 
amounts  Kustner's  three  equations  may  be  put  in  the 
form 


+  0.82  J  A  = 

-0.N3._M    = 

+0.85^  = 


16.  S3 
16.76 
16.73 


Hence  we  have  as  the  result  of  his  work, 


A  A  = 
A   = 


+    0.013 
20.10 


I  have  not  re-examined  the  work  ;  it  is  so  simple  that  any 
error  in  it  can  readily  be  detected. 


NOTE    BY   THE   EDITOR 

In  the  note  accompanying  the  above  article,  the  author 
courteously  suggests  that  I  add  some  comments,  which  ac- 
cordingly I  take  the  liberty  to  do.  The  article  makes  the 
source  of  the  difference,  between  the  values  of  the  aberra- 
tion deduced  by  Prof.  Newcomb  and  myself  from  Kust- 


ner's observations,  very  clear.  He  has  used  apparently 
the  values  of  the  latitude-variation  given  in  my  provisional 
discussion  of  1892  instead  of  my  definitive  values  of  1894. 
These  are  given  below  under  I  and  II,  respectively,  for  the 
period  in  question. 
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Jc' 


-K" 


Berlin  date 

I 

II 

Berlin  date 

I 

II 

1884.2 

0.21 

0.31 

L884.9 

+0.13 

+0.22 

84.3 

-  .16 

.28 

85.0 

+   .01 

+    .07 

84.4 

-  .04 

-  .16 

85. 1 

-  .lit 

-   .09 

84.5 

+   .07 

.00 

85.2 

.19 

-   .23 

84.6 

+   .16 

+   .17 

85.3 

...» 

—  .28 

st.: 

+   .21 

r  .28 

85. 1 

-   .16 

25 

1884.8 

+  0.21 

+0.30 

1 885  5 

-0.13 

-0.06 

From  II  we  find, 
/.,  .  i  L884.32)-0".26  .  (1884.70)  f-0*.28  ,  (1885.31) -0".28 

If  these  values  be  substituted  in  Prof.  Newcomb's  equa- 
ii.uvr  we  shall  get  20".572  for  the  aberration. 

My  mode  of  deriving  the  value  20".61  was  as  follows: 
The  absolute  terms  in  Eustnbe's  equations  of  condition, 
pp.  38  II  of  his  memoir,  were  corrected  by  —  2  /<;,  ac- 
cording to  II  above.  Then,  solving  the  normals  anew,  I 
obtained  for  the  corrections  to  Stbuve's  constant,  from  the 
several  pairs, 


Pair 

JA 

V 

1 

+  0.167 

117.8 

2 

-   .007 

60.5 

3 

+    .077 

67.6 

1 

+   .071 

81.7 

5 

+  .225 

129.6 

6 

+   .257 

104.1 

7 

+  0.232 

105.3 

The  mean  correction  is    +0".166  ;    whence  the  aberration 
2C.611,     which    is    not   essentially    discordant    from    the 


20".572  found  by  Prof.  Newcomb's  process  above,  and  is,  I 
think,  to  be  preferred. 

It  should  be  observed  thai  the  date  of  those  observa- 
tions closely  pro. 'oilos  the  interval  1889-98.  ami  the  formula 
used  for  the  latitude-variation  represents  the  numerous 
accurate  series  of  observations  during  this  interval,  as  well 
as  others  coincident!  with  K.iJSTNEB's,with  rerj  great  fidelity. 
Therefore  there  can  be  verj  little  uncertainty  attaching  to 
the  aberration  i'o".r.|  found  from  this  series  of  Kustneb, 
so  far  as  the  corrections  applied  foi  latitude-variation  are 
concerned.  How  much  error  has  been  introduced  into  Mr. 
Loewy's  mean  value  of  the  aberration,  by  his  use  of  20".31 
for  this  determination,  cannot  of  course  be  told  until  his 
investigation  is  published,  it  is  hoped,  in  the  interest  of 
astronomical  truth,  that  this  publication  will  not  be  longer 
delayed.  There  an- other  determinations  that  .Mr.  Loewt 
has  probably  used  which  are  affected  seriously  by  the  same 
cause  and  in  the  same  direction  of  error.  The  same  is 
true  of  Prof.  Newcomb's  class  B,  pp.  137-9  of  his  Astro- 
nomical Elements  and  Constants,  where  similar  discordances 
exist  between  his  values  and  my  own  unpublished  investi- 
gations, which  may  probably  be  traced  to  a  source  like  this 
in  Kistxek's  series,  hero  discussed  and  happily  explained, 
I  trust  to  Prof.  Newcomb's  satisfaction.  With  regard  to 
the  latter's  class  A  (p.  137  ibid.)  since  Prof.  Newcomb  has 
there  directly  employed  my  published  results,  given  in 
A.J.  287,  293,  296,  297  and  298,  for  the  eight  series  of 
Pulkowa  observations,  no  further  discussion  can  arise  as  to 
them.  C. 


XOTE   OX  MR.  G.  W.  HILL'S  "OBSERVATIONS"   IX  A  J.  428, 


Iiv  SIMON    NEWCOMB. 


The  careful  reader  who  compares  Mr.  Hill's  "observa- 
tion^' with  the  Proees-verbaux  of  the  Paris  Conference, 
and  with  my  paper,  will  see.  that  his  argument  is  based 
entirely  on  misconceptions.  The  Conference  said  nothing 
about  any  32  constituting  the  system  Nlt  and  pro- 

posed no  deviation  whatever  from  the  custom  of  astrono- 
mers that  has  prevailed  for  nearly  a  century.  As  the 
inconsistencies  which  he  finds  in  my  remarks  are  incon- 
sistencies only  with  his  constructions  I  need  say  nothing 
about  them. 

In  the  remainder  of  his  paper  Mr.  Hill  bases  an  elaborate 
argument  on  the  major  premise  that  a  discrepancy  b 
two  results  can  be  cured  by  diminishing  the  lesser  one  of 
the  two.  If,  as  he  maintains,  the  general  motion  of  the 
system  -Vx  in  right-ascension,  by  adopting  which  I  found  a 
correction  of  +0".36  to  the  precessional  motion,  should  be 


diminished  by  0".98,  then,  it  seems  to  me,  the  motion  of 
precession  should  be  diminished  by  this  amount,  instead  of 
being  increased.  If  I  am  right  in  this  the  results  of  Mr. 
Hill's  argument  should  be, 

Correction  to  luni-solar  precession  from  K.A..      — 0.71 
«  "         «  »  «     Decl.,     +1.43 

As  to  the  reality  ol  the  negative  correction  to  the  mot  ion 
of  2?!  in  right-ascension  I  shall  only  remark  that  the  basis 
of  the  correction  +0".30,  which  I  found  in  ./.■/.,  XIV, 
p.  bs7.  embodies,  if  I  am  not  mistaken,  all  the  best  part  of 
the  material  used  by  Mr.  Hill,  and  a  great  deal  more.  I 
therefore  regard  this  result  as  the  most  probable  one  at 
present,  and  see  nothing  to  alter  in  the  discussion  found 
on  p.  71  of  my  paper. 
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OBSERVATIONS  OF   ASTEROIDS  AND   COMET  b  1897, 

MADE    Willi    THE    12-INCH    i;i,ii    V.TORIAL   OF   THE    U.S.    NAVAL   OBSERVATORY, 

\:s    Prof.  E.   KI.'Isisy,   U.S.N. 
[Communicated  by  Prof.  \V.\i.  II  LRKNES8,   I'.s.X.,  Astronomical  Director.] 


1897-98  Wasliingto 

i  M.T. 

* 

No. 
C'omp. 

Planet—  ^ 
Ja                 z/8 

Planet's 
a 

Apparent 

1          8 

log  pA 
for  a      |     for  8 

(11)  Parthennpe. 

Sept.  24 
27 
29 

10  16 

11  45 

12  0 

29.0 

38.7 
17.0 

1 

o 

3 

15 

20 
14 

3 

4 
4 

+  1 
+  1 
2 

33.45 
39.91 
12.12 

+  2   18.6 

-  9     3.6 
+  13  34.5 

1    13  27.97 
1   1(1  59.18 
1     9  19.85 

-  0  11  20.7 

-  0  32  10.1 

-  0  45  44.9 

«9.492 

/,!>.<)  19 

n8.809 

0.744 
0.655 
0.848 

Oct.    4 

11  10 

7.2 

4 

20 

4 

-1 

(171)  Ophelia. 
22.03    |  -   2  41.7 

1   16     5.89 

+   49  47.4 

9.051    |  0.701 

Nov.  19 

12  21 

27.3 

5 

20 

4 

+  0 

(6)  Hebe, 
25.03    |  +  0  32.3 

5  13  43.98 

-   2  37  58.3 

»8.947    |  0.766 

Nov.  23 
27 

Dec.    1 
12 
15 
30 

13  20 
8  43 

10  40 
8  58 

10     6 

10  22 

5.6 
48.2 
22  1 
42.9 
46.7 
30.8 

6 
7 
8 
9 

10 
11 

10 
15 
10 
13 
12 
10 

o 

3 

r> 

4 
3 

-1 
-1 
-0 
-0 
-5 
+  0 

(6 
50.21 
15.98 
55.64 
25.43 
2.58 
20.48 

1)  Dantie. 
-10  30.7 

-  5  42.6 

-  7  38.9 
-15  53.6 
+  10  48.1 
+  11  11.4 

5  55  29.66 
5  51  25.16 
5  46  41.41 
5  32  56.49 
5  29     0.27 
5  11  17.81 

+48  38  34.5 
+  48  46  40.0 
+  48  51  25.8 
+48  43  23.6 
+48  35  30.7 
+  47  24  25.8 

«8.834 
»9.816 
»9.655 
»9.291 

w9.476 
m.9.441 

m0.182 
0.265 
»9.509 
w0.124 
raO.005 
«0.125 

189S 

Jan.     8 
13 
20 

9  55 

7  11 
10  20 

16.6 
23.9 
28.1 

12 
13 
14 

20 

20 

4 

4 

4 
1 

-3 
+  4 
-4 

(247 
1.93 
25.33 
22.88 

)  Kul; rute, 
+   0     3.8 
+   7  44.9 
+   2     3.7 

7  51  20.30 
7  41  41.75 
7  28  26.84 

+  62  28  32.2 
+  62  10  18.2 
+  61  21  24.3 

«9.811 
m9.974 
«8.380 

re0.320 
«9.900 
wO.532 

Jan.  21 
28 

11  24 
9  41 

21.3 
21.6 

15 
16 

19 

o 
4 

-1 
-0 

(65)  Ci/Me. 
4.60    |  +  3  49.7 
18.54       +   6  32.2 

Comet  b,  1897. 

7  34  12.77 
7  29  10.30 

+  18  21  43.3 
+  18  38     3.6 

w7.886    1  0.487 
w9.192      0.498 

1897  Washington  M.T. 

* 

No. 
Comp. 

*^'s  apparent 

a                          S 

log  pA 
for  a       |     for  8 

Oct.  18 

ii     i 
11     8 

n  3.9 

17 

20, 

4 

-l" 

23.34    |  +  5  54.8 

3  23  45.89 

+  69°  46 '49*7 

w9.893    |m0.522 

Mean  Places  for  1897.0  of  Comparison- Stars. 

* 

a 

Red.  to 
app.  place 

8 

Red.  to 

app.  place 

Authority 

1 

1   11   50.20 

+  4>2 

-  0°14  r.s.r, 

+  2IK2 

Copeland-Borgen  262-3 

2 

1     9  14.92 

+  4.35 

-  0  23  35.7 

+  29.2 

"             "        256-7 

3 

1  11  27.56 

+  4.41 

-  0  59  49.1 

+29.7 

'      »             »       260 

4 

1  17  23. 17 

+  4.45 

+  4  11  59.8 

+29.3 

Albany  A.G.  Catal.  373 

5 

5  13  14.20 

+  4.75 

-  2  38  44.3 

+  13.7 

Weisse's-Bessel  5h243 

6 

5  57  12.67 

+  7.2H 

+  48  49     4.4 

+  0.8 

Bonn  A.G.  Catal.  4964 

7 

5  52  33.77 

+  7.37 

+  4S  52   L'o.7 

+   1.9 

«      4887 

8 

5  47  29.54 

+  7.51 

+  48  59     1.4 

+   3.3 

»         »         "      4818 

9 

5  33  14.18 

+  7.74 

+  48  59     9.6 

+   7.0 

"        "         "      4637 

10 

5  33  55.15 

+  7.70 

+  48  24  34.6 

+   8.0 

"         "          «       4615 

11 

5  10  49.66 

+  7.67 

+  47  12  5S.9 

+  15.5 

"         "         "      4315 

12 

7  54  17.29 

+  4.94 

+  62  28  33.0 

-  4.6 

Hels.  and  Gotha  A.G.  Catal 

5340 

13 

7  37  11.44 

+  4.9S 

+  62     2  34.8 

-   1.5 

(I               U                «               «                (< 

5204 

14 

7  32  44.74 

+4.98 

+  61  19  22.6 

-   2.0 

ii           it            ii           it            it 

5170 

15 

7  35  14.58 

+  2.79 

+  18  17  57.6 

-  4.0 

Berlin  A.G.  Catal.  2966 

16 

7  29  26.(14 

+  2.80 

+  18  31  34.0 

-   2.6 

it            a            a         2914 

17 

3  25     0.13 

+9.10 

+  69  40  42.0 

+12.9 

Christiania  A.G.  Catal.  604 
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OBSERVATIONS   OF   THE   SATELLITE   OF    NEPTUNE, 

\\\   .1.  M.  SCHAEBERLE. 


The  I    observations  forms  il      continu- 

ation of  tin-  results  published    in   No.  392  of  the  Astro- 
nomical  Journal.      Each   tabulated  position-angle  depends 


mi  fche  mean  of  five  separate  settings,  and  each  distance 
on  the  mean  of  ten  measun  s.     \\  ith  one  oi  two  excep 
a  power  oi  800  diameters  was  always  used. 


Date 

Stand- 
ard Time 

Angle 

Dis- 
tance 

Remarks 

Da 

e 

Pac.  Stand 
ard  Time 

Single 

Dis- 
tance 

Remarks 

Sept.  13 

11! 

L5     1     9 

1.-,  20  33 

i'7s  L8 
276.96 

1  1.77 

1897 

Nov.   15 

in  52  22 
1 1     :,  33 
11    19   10 

52.59 
52.02 

L5.55 

Sept.  is 

15  25  .".I 
L5  39  32 

342.34 

1.0.10 

Clouds  prevented 
further  observations 

Nov. 

27 

11    25    16 
11    10  10 

39.13 

13.59 

Oct.    16 

,._,  22  50 

L2  38     l 
L2  53    16 

74.37 

7  1  05 

16.69 

Nov. 

29 

9   is   13 
10  34   31 

10  .".1  18 

260.64 
258.92 

16.72 

Cloud; 

e  verj  faint 

Oct.    18 

L2   is  55 
L2  33   15 
12  46     2 

299.40 
298.38 

12.40 

Dec. 

3 

1 1   23  1  1 
1 1   37  36 
1  1   51  4  1 

31.16 
30.20 

L3.04 

Oct.    29 

12  34  36 

12    16     5 
11'  59  52 

7.52 
5.70 

10.95 

Dec 

11 

8  23     8 

s   in  ,•;«) 
8  59  is 

253.51 
252.19 

17.16 

Poor  seeing 

\\  iii'ly  and  foggy 

Oct.    30 

11  20  13 
11  33  11 
11  41   19 

287.19 

285.63 

13.86 

Dec. 

24 

8     3  53 
8  16  55 

8  32     8 

190.87 

188.49 

10.98 

Poor  seeing 
Telescope  swaying 

Nov.      1 

11  44  21 

11  57  50 

12  12  22 

184.84 
183.42 

10.93 

Telescope  swaying 

Dec. 

25 

10  25  54 
in    in  38 
K»  56  30 

99.78 

99.66 

1  1.49 

Telescope  swaying 

Nov.  12 

11  25  is 
11  38  30 
11   50  46 

233.81 
232.85 

15.74 

Dec. 

27 

7  59  34 

8  11  44 
8  28  50 

4.54 
2.96 

11.17 

Lick  Observatory,  University  of  California,  1898  Jan.  3. 


COR  RE 

r.v  (,.  w 
Prof.  Newcomb  lias  pointed  out  to  me  that  the  correc- 
tions of  equinox-velocity,  —  0\064  and  — 0".069,  at  p.  155 
of  my  article  on  Precession,  have  the  wrong  sign  for  harmo- 
nizing his  two  values  of  this  element.  The  correction  of 
ray  ludicrous  inadvertence  as  to  their  proper  signs,  of 
course,  deprives  them  of  much  of  their  interest.  However, 
their  failun  of  precession  sevi 

from  right-ascensions  and  declinations  does  not  prove  them 


CTIOX. 

.  HILL. 

illegitimate  deductions  from  observation ;  for  this  turns 
solely  upon  the  point  whether  Auwebs's  equinox  for  Brad- 
ley is  to  be  preferred  to  Bessel's,  and  whether  it  is  good 
judgement  to  reject  Piazzi  and  ]\I  askki.yxe.  The  investi- 
gation may  be  regarded  as  showing  that  the  problem  of 
deducing  a  precession-constant  satisfactory  in  regard  to 
both  stellar  coordinates  is  more  difficult  even  than  appeals 
from  Prof.  Newi  OMB's  treatment. 


C  O  XT  E  X  T  S . 
Double-Star  Measures,  isy  1>.  G.  Aitkkx. 
Nun:  on  the  Value  of  the  Aberration-Constant  derived  prom  Kustneb's  Observations  of  1884-1885,  by  Simon  Newcomb; 

AND   Noli:   BY    THE   EDITOR. 

Noii.  on  Mr.  G.  \y.  Hill's  "Observations"  in  A.J.  428,  by  Simon  Newcomb. 

Observations  oi    Asti  roids  \m>  Comi  i  b  1897,  by  E.  Fbisby. 

Observations  of  the  Satellite  of  Neptune,  by  J.  M.  Schaeberle. 

Correction,  by  G.  W.  Hill.  
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THE   PRECESSIONAL   MOTION   AND  THE   PARIS   CONFERENCE  (Third  Paper), 

By  LEWIS   BOSS. 


In  his  recent  article  on  the  precessional  motion  (A.J. 
426)  Professor  Newcomb  disclaims  in  the  strongest  manner 
any  desire  to  force  the  conclusion  that  his  work  on  preces- 
sion ought  to  be  generally  adopted.  But  he  still  appears 
totally  to  misunderstand  the  point  at  issue.  I  must,  there- 
fore, crave  indulgence  for  attempting  once  more  to  make 
my  view  intelligible  to  others,  since  it  is  evident  that  I 
have  not  hitherto  succeeded. 

Long  ago  it  became  evident  that  astronomers,  generally, 
were  not  satisfied  with  the  conclusions  of  the  Paris  Con- 
ference. Yet,  to  many,  submission  to  those  conclusions 
seemed  to  be  a  necessity,  because  one  or  the  other  of  the 
four  Almanacs  which  had  joined  in  the  adoption  of  these 
new  constants  would  have  to  be  used  by  astronomers.  To 
them  there  seemed  to  be  no  alternative.  With  very  great 
reluctance,  I  then  decided  to  raise  the  question,  whether 
the  decisions  of  the  Paris  Conference  ought  to  stand  for 
astronomers  in  general ;  and  I  then  endeavored  to  advocate 
the  acceptance  of  two  points  : 

First,  that  the  conclusions  of  the  Conference,  even  in 
right  of  courtesy,  were  of  no  more  binding  force  than 
would  be  the  conclusions  of  any  self-constituted  Conference  ; 
as,  for  instance,  if  the  directors  of  any  four  observatories 
should  meet  on  their  own  motion  and  formulate  their  con- 
clusions. I  even  pointed  out  another  fact  which  was  likely 
to  be  overlooked  by  some.  I  did  not  accuse  the  Conference 
of  "  assuming  to  legislate  for  astronomers  "  as  Professor 
Newcomb  now  says  I  did  ;  on  the  contrary,  I  said  that,  in 
my  opinion,  the  Conference  did  not  pretend  so  to  legislate. 
Consequently,  it  did  not  even  make  a  claim  upon  our  accept- 
ance of  its  conclusions,  otherwise  than  by  implication.  It 
is  a  fact  that  those  conclusions  did  exert  a  strong  pressure, 
because  they  were  to  be  adopted  by  the  four  Almanacs  and 
non-acceptance  of  the  Almanacs  might  entail  a  very  great 
inconvenience.  Accordingly,  I  expressed  the  opinion  that 
we  ought  to  endure  any  inconvenience  rather  than  to  suffer 
the  establishment  of  a  precedent  so  hurtful  to  the  best 
interests  of  Science.     My  whole  contention  has  been  that 


astronomers  should  not  sleepily  acquiesce  in  what  they  do 
not  approve  under  a  mistaken  notion  that  courtesy  requires 
it,  or  under  the  lash  of  necessity.  The  personal  participa- 
tion of  this  astronomer,  or  of  that  one,  had  nothing  what- 
ever to  do  with  the  matter. 

Secondly,  I  endeavored  to  show  that  the  time  is  not  ripe 
for  the  general  adoption  of  new  elements  of  aberration  and 
precession.  Here,  again,  Professor  Newcomb  totally  mis- 
apprehends my  meaning  in  one  particular,  at  least.  I  sin- 
cerely apologize  for  my  lack  of  clearness  on  this  point, 
which  appears  to  arise  primarily  out  of  my  use  of  the  w  ord 
"  definitive."  That  term  has  come  to  have  a  special  mean- 
ing in  astronomical  computation.  At  least,  I  used  it  as 
nearly  synonymous  with  "exhaustive,"  or  "comprehen- 
sive," —  meaning  that  such  a  computation  should  embrace 
all  really  useful  evidence  on  the  point.  In  this  sense  there 
may  be  any  number  of  definitive,  and  especially  of  what  I 
have  termed  "intentionally  definitive,"  computations.  That 
would  be  a  sad  day  for  sidereal  astronomy  when  astronomers 
unanimously  decide  to  consider  any  particular  value  of  the 
precessional  motion  "  definitive,"  in  the  sense  of  absolute 
and  final.  While  I  most  sincerely  regret  that  Professor 
Newcomb  ever  looked  forward  to  such  a  time,  I  congratulate 
him  on  having  outgrown  that  idea  (A.J.  426,  p.  138,  col.  1). 

Passing  now  to  the  consideration  of  the  points  in  which 
Professor  Newcomb  denies  the  correctness,  or  value,  of 
my  opinions  and  statements,  I  must  apologize  for  the  length 
of  this  reply,  though  I  shall  make  it  as  brief  as  possible. 
This  great  length  is  rendered  necessary  because  I  am  not 
permitted  to  set  up  my  unsupported  personal  judgement 
against  the  great  authority  of  Professor  Newcomb.  I  have, 
however,  freely  admitted  the  many  great  merits  of  his 
work  on  the  precessional  motion  (A.J.  No.  410)  ;  so  that  it 
is  not  necessary  for  me,  in  answer  to  his  complaints  (A.J. 
426),  to  expand  this  article  by  enumerating  those  merits  in 
detail.  There  are  also  many  minor  points  which  need  not 
be  further  considered. 

(169) 
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After  all,  the  essential  differences  between  ourresp 
views  are  few  in  number.     Professor  Newcomb   concedes 
.ill   1  claim,  bul   differs  from  me  on  what,  al   first 
Bight,    seem  to  be  mere  matters  of  detail.     These   differ- 
however,  can  be  reduced  to  a  single,  essential  differ- 
ence.      He   thinks    thai    a    rough,   summary   and    < 

sion  of  the  processional  motion,  such  as  he  has  pro- 
duced, ','"'»!  enough  to  answer  all  needs  during   the    first 
half  of  the  next  century;    while  I  think  thai  astronomers 
Ltitled  to  have  a  work  which  shall  essentially  summa- 
e  ir.ill\  useful  testimony  which  can  readily  be 
brought  to  bear:   and  I  think  that  this  embraces  far  more 
than  he  has  employed.     Bu1  I  am  far  from  wishing  to  raise 
this  demand  to  an  unreasonable  pitch.     It  only  seems  to 
me  a  pit]  to  lei  the  greater  pari  of  the  volumes  containing 
•  ults  df  skillful  and  laborious  meridian  observations 
moulder  on  our  library  shelves  on  the  plea  that  two  or  three 
of  them  are  all  that  are  really  Deeded  for  the  advancement 
of  asl  ronomy. 

For  I  r  pari  of  what  I  consider  essential  to  my 

reply  I  must  refer  the  reader  to  my  articles  in  Nos.  11(1  and 
I'.'."..  The  following  heads  are  simply  amplifications  of  my 
<  iews,  there  expressed,  upon  four  of  the  points  in  reference 
to  which  Professor  Newcomb  interposes  his  objections; 
and  of  these  four  there  is  space  only  to  consider  the  third. 
and  most  important,  with  any  degree  of  technical  detail. 

I.     Personal    Equation    Dependent  ppos  Magnitude. 

Professor  Newi  omb  still  insists  that  he  cannot  see  how, 
for  any  precise  purpose,  we  can  make  any  use  of  the  right- 
ascensions  of  faint  stars  determined  by  the  older  observers. 
It  is,  of  course,  impossible  here  to  cover  the  ground  re- 
quired in  a  full  and  proper  discussion  of  this  subject.     I 
have    already  pointed    out    (A.J.  423)  some   of  the   many 
reasons  why  I  think  that  eye-and-ear  transits  are  not  usually 
much  affected  by  a  personal  equation  dependent  on  magni- 
It  this  equation  were  equally  liable  to  have  positive 
or  negative    values,  then    Professor    Newcomb's  objection 
would   practically  fall  to  the  ground.     But  on  what  I  con- 
sider insufficient  premises  he  thinks  that  the  sign  of  this 
equation  in  eye-and-ear  observations  of  faint  stars  is  nearly 
■  quite  always  negative,  as  with  chronographic registry. 
We  have  a  means  of  examining   this  question  for  the 
older  observations,  which  1  here  brieflj  suggest  through  an 
example.     1  have  compared  the  Albanj  /one  with  those  of 
LALANDE,    Bessel,   Schjellerup,   and  others.      In   making 
this  comparison  I  have  corrected  the  Albany  observations 
ition  dependent  on  magnitude,  and  have 
;ed  the  comparisons  in  groups  according  to  brightness 
compared.     The  comparisons  have  been  cor- 
rected for  systematic  errors  (same  for  all  groups  in  a  given 
sel  i  in  the  manner  explained  in  Nos.  L95-6  of  this  Journal. 


Ub.  Lai. 
Mae.  J., 
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Mag.  Ju 
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S.'.l 


0.02 
0.03 

(I. mi 


Alb.-Schj. 
Mag.  da 

7.6  o!o23 

8.4         -0.022 

'.».  i)         -0.025 


The  range  df  star-magnitude  here  brought  into  compari- 
son LS  very  small,  and  it  is  evident  that  results  of  no  great 
precision  can  be  reached  by  the  use  of  the  material  con- 
tained in  a  zone  only  1  wide;  but  so  far  as  it  goes  it  ex- 
lulu  t  -.  if  anything,  a  positive  equation  for  the  older  observ- 
ers, though  this  tendency  is  too  slight  to  possess  any  real 
significance.  If  comparisons  be  made,  similar  to  these, 
embracing  many  catalogues  distributed  at  various  epochs, 
and  including  a  great  number  of  observations  in  each  group, 
it  seems  to  me  that  it  might  be  possible  to  distinguish 
between  those  elements  which  are  progressive  with  the  time 
and  those,  if  any,  which  suggest  personal  equation. 

II.     Systematic   Erbobs. 

Professor  Newcomb  advances  the  proposition  that,  as  a 
practical  matter,  a  normal  system  of  star-places  can  be 
adequately  represented  by  two  star-catalogues,  —  especially 
if  these  are  well  separated  in  epoch.  I  have  no  desire  to 
split  hairs  in  a  further  discussion  of  this  subject.  I  have 
only  to  say  that  everything  depends  upon  the  normal  sys- 
tem which  is  relied  upon  in  the  systematic  sense  for  the 
correction  of  individual  series  of  observations.  If  the 
basis  be  systematically  what  it  should  be,  its  weight,  in 
that  sense,  will  be  very  much  greater  than  that  of  any  one 
of  the  elements  composing  it.  If  it  be  about  equally  lia- 
ble with  the  separate  catalogues  to  the  suspicion  of  sys- 
tematic error,  it  makes  little  difference  whether  it  be  rep- 
resented by  more  than  two  catalogues  or  not.  Professor 
Newcomb  seems  to  have  little  confidence  in  his  adopted 
normal  system  of  star-positions  which  forms,  apparently, 
an  attachment  to  his  computations  designed  more  for 
ornament  than  for  practical  use.  Furthermore,  if  it 
should  turn  out  that,  for  the  great  bulk  of  what  might  be 
termed  his  secondary  standard  stars,  the  proper  motions  of 
his  normal  system  depend  essentially  upon  the  star-posi- 
tions of  Bradley,  then  I  can  understand  the  reason  for 
the  course  he  adopts. 

There  is  one  point  in  this  connection,  however,  which 
needs  clearing  up.  Professor  Newcomb  seems  to  imply 
that  the  reason  he  employed  oily  Braijley-Auwebs  proper 
motions  in  his  investigations,  was  because  he  would  not 
ha  \  e  been  able  to  ascertain  the  systematic  corrections  for 
proper  motions  computed  from  other  sources  embracing  a 
shorter  interval  of  time.  I  freely  confess  that  this  propo- 
sition appears  to  me  absurd,  and  therefore  I  think  there 
must  be  some  misunderstanding,  on  my  part,  of  what  he 
really   means.     For   example:    If  we  suppose    Greenwich 
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1865  to  have  a  weight  of  10,  and  Bradley  1755  a  weight 
of  1,  the  weight  of  centennial  motion  computed  from  them 
would  be  1.31i  If,  now,  we  imagine  a  star-catalogue,  or 
combination  of  catalogues,  at  the  epoch  1835,  of  the 
weight  6,  and  at  1895  of  the  weight  10,  the  centennial 
motions  would  have  the  weight  1.35.  In  every  sense  the 
latter  would  he  as  precise  as  the  former,  It  would  be  as 
easy  to  ascertain  the  systematic  error  of  the  latter  motions 
as  of  the  former.  It  is  true  that  the  weight  of  motions 
computed  from  a  pair  of  catalogues  might  become  so 
small  that  it  would  be  impossible  to  distinguish  the  sys- 
tematic correction  ;  and  this  might  still  be  true  even  if 
the  interval  were  very  great,  —  as,  for  instance,  between 
Lacaille's  zones  for  1751  and  Cordoba,  or  Cape,  for  1875. 
This  is,  however,  a  crude  way  of  considering  the  matter. 
In  deriving  proper  motion  for  an  important  purpose  in 
which  motion  is  the  chief  object  of  interest,  one  would 
not  merely  consider  the  catalogues  in  pairs,  but  would  fol- 
low the  course  usual  in  all  refined  discussions  of  this  kind 
from  the  time  of  Argelander  to  the  present,  —  namely, 
he  would  use  at  least  all  the  observations  best  suited  for 
the  computation.  From  the  equations  forming  such  a 
computation  can  easily  be  learned  how  superior  in  every 
sense  is  the  weight  with  which  the  motion  is  determined 
in  this  manner  to  that  which  can  be  got  through  the  selec- 
tion of  any  two  catalogues. 

III.     Relative  Value  in  Precession-Investigation  of 
Right-Ascensions  and  Declination. 

As  I  consider  this  to  involve  the  most  important  point 
of  difference  between  Professor  Newcomb  and  myself  I 
must  examine  it  in  some  detail. " 

That  part  of  the  systematic  error  in  transit  which  de- 
pends upon  the  brightness  of  the  star,  seems  to  me  vastly 
less  to  be  feared  than  is  the  systematic  error  in  the  posi- 
tion of  the  equinox  as  deduced  from  the  older  transit 
observations  of  the  intensely  bright  sun.  That  there  may 
be  a  very  large  difference  of  personal  equation  in  the  obser- 
vation of  the  limb  of  the  sun,  or  moon,  and  of  a  star 
by  the  same  observer,  is  a  fact  which  is  generally  under- 
stood and  conceded.  Even  for  the  same  observer  much 
will  depend  upon  the  state  of  the  telescopic  image  of  the 
sun.  Very  instructive  evidence  on  this  point  exists.  It 
will  be  found  in  a  very  clear  and  definite  form  in  the 
papers  of  Wagner  and  Nyren  on  the  Pulkowa  equinox- 
determination.  (See  VJS.  1873,  p.  46,  Wagner;  Das 
Aequinox  fur  1865,  Nyren,  p.  27  ;  Pulk.  Obs.  Vol.  XII, 
p.  90,  Wagnek.)  In  an  elaborate  memoir  in  which  every 
refinement  of  modern  computation  is  practiced  Nyren  de- 
rives +  08.0o6  as  the  correction  of  Newcomb's  equinox,  Nu 
for  1865,  from  eleven  years'  observation  at  Pulkowa ; 
while   Wagner,    modifying   his   calculations  tq  take  into 


acc i   the  character  of  the  telescopic  Images,  with  the 

same  elaborate  care,  finds  from  the  same  observations  this 
correct  ion  to  be  only  +0'.002. 

Now.  the  telescopic  images,  at  least  down  to  the  third 
decade  of  the  present  century,  must  have  been  continually 
what,  we  would  now  term  had,  if  not  intolerable.  For  in- 
stance, the  object-glass  of  Bradley's  transit  was  not 
achromatic,  and  the  effective  aperture  employed  was  only 
one  and  one-half  inches.  Only  one  (coarse)  transit  wire 
was  usually  observed,  and  thus  it  requires  no  vivid  im- 
agination to  call  up  apprehensions  even  more  grave  and 
forbidding  than  those  which  Professor  Newcomb  has  en- 
tertained in  regard  to  the  older  observations  of  faint  stars. 

This  is  not,  however,  the  whole  story  by  any  means. 
There  is  the  difficulty  of  determining  the  obliquity  of  the 
ecliptic  and  the  sun's  absolute  declination.  The  ability  to 
accomplish  these  undertakings  is  of  course  of  fundamental 
importance  in  observations  to  determine  the  position  of 
the  equinox.  I  think  I  am  entirely  within  the  truth  in 
saying  that  no  one  having  the  requisite  knowledge  would 
give  the  zenith-distance  observations  of  Piazzi  any  weight 
whatever,  as  absolute  determinations  of  the  declinations  of 
fixed  stars.  The  same  conclusion  applies  equally  to  the 
zenith-distance  observations  of  Maskelyne,  which  have 
been  accepted,  and  then  grudgingly,  only  when  treated  as 
rigidly  differential  work.  I  do  not  know  of  a  single  in- 
stance wherein  the  zenith-distance  observations  of  Maske- 
lyne have  been  employed  in  determining  the  declinations 
of  standard  stars,  even  in  a  secondary  way. 

In  the  next  place,  Bradley  observed  with  his  transit 
fully  exposed  to  the  sun's  rays ;  and  there  was  not  much 
improvement  in  this  respect  until  long  after  his  time. 
(Maskelyne  protected  the  pivots  by  means  of  mahogany 
shields.)  When  one  reflects  that  Bradley's  transit 
weighed  only  fifty-five  pounds,  and  that  it  was,  at  the 
same  time,  eight  feet  long,  with  an  axis  four  and  one-half 
feet  in  length,  it  seems  not  unreasonable  to  suppose  that 
his  transit-observations .  may  have  been  subject  to  sys- 
tematic errors  which  would  be  considered  rather  large 
in  connection  with  an  instrument  of  modern  construc- 
tion. 

On  the  general  subject  of  equinox-determinations,  in  his 
work  upon  the  Equatorial  Fundamental  Stars,  Professor 
Newcomb  says  (pp.  22-23) :  "  It  is  well  known  that  the 
best  determinations  of  the  equinox  exhibit  discordances 
far  larger  than  can  result  from  purely  accidental  errors  of 
observation,  and  so  indicate  the  existence  of  systematic 
errors  in  the  observations  of  the  sun,  the  nature  and  causes 
of  which  are  obscure.  *  *  *  *  It  is  well  known  that  the 
personal  equation  of  an  observer  is  frequently  different  for 
the  sun  and  for  a  star." 

What  is  Professor  Newcomb's  course  under  these  cir- 
cumstances ?     Does  he  say  that,  because  there  is  now  no 
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means  of  determining  what  these  systematic  oorrectio 
the  older  observers  were,  he  will  reject  their  sun-obsen 

bher,  as  now  he  proposes  to  reject  the  observations 
of  faint  stars'.'     Quite  the  contrary ;  "Under  these  circum- 
stances," he  says,  "the   mosl    we  ran  do  is  to  base  oui 
ination  on  tin- wiliest   range  "l   material  al  our  dis- 
posal, depending  for  accuracy  on  the  number  and  variety 
eterminations   employed    rather   than   upon   the 

any  one."      In  this   insl  I  LC6  lie  appeal's  to  have 

put  aside  in  the  most  pen  mptorj  maimer  whatever  appre- 
hensions he  may  have  felt.  Thus  we  timl  the  weight  which 
he  assigns  to  Bradley's  determination  of  th [uinox  to 

□  a  seale  which  assigns  the  weigh!  .'i  to  Greenwich 
nd  L864,  each  embracing  the  observations  of  seven 
years  (p. 33,  Squat.  Fund.  Stars).  Even  the  very  crude 
determination  by  M  ibkem  ne,  covering  only  two  years,  lias 
the  weight  1  j  while  weight  .  \-  assigned  to  Piazzi's  de- 
termination, "of  which."  says  Professor  Ntwi  omb,  "I  know 
nothing"  (p.  24,  Equat.  Fun,!.  Stars),  —  a  weight  exactly 
equal  to  that  which  is  assigned  to  each  of  the  Berlin,  Edin- 
burgh ami  Cambridge  series.  It  is  interesting  to  note, 
however,  that,  some  years  later,  when  Professor  Nkwcomb 
comes  to  treat  the  right-ascensions  of  the  sun.  he  rejects 
Piazzi's  work  altogether,  saying:  "It  will  be  seen  that 
Piazzi's  results  are  thrown  out  entirely.  The  wide  range 
of  his  values  of  e  led  to  the  inquiry  whether  more  consis- 
results  would  be  obtained  by  taking  shorter  periods, 
but  it  was  found  that  the  values  of  -■  varied  from  time  to 
time  in  such  an  irregular  way  that  his  instrument  must 
have  been  affected  by  some  extraordinary  source  of  error, 
unless  some  mistake  has  been  made  in  interpreting  or  treat- 
.■■  .  at  ions"  i  N  i ■  wi  o mii's  ••Axh-niintttiral  ( 'onstants," 
p.  21). 

From  what  has  been  said  the  entire  rejection  of  the  equi- 
nox-determination from  Bradley's,  Piazzi's,  and  Maske- 
lyne's  observations  may,  therefore,  appear  to  be  not  an 
unreasonable  procedure.  If  this  course  be  followed  as  to 
Professor  Ni:w<  omb's  equations  at  p.  33,  of  the  Equatorial 
Fundamental  Stars,  we  shall  have  as  the  correction  of  his 
equinox.    V  . 

1Nt  =    -0'.026 


T— 1855 


100 


It  ma  ighl   that   I  he   Bb  \ dj  v\    Ann  rs  determi- 

nation, computed  with  all  the  rigor  of  modem   methods  in 
of  a  master,  is  entitled  to  appreciable  weight. 
If  this  be  included  with  weight  1,  we  shall  have' 
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1  strongly  doubt  whether  the  Beadlex  Ai  webs  determi- 
nation is  entitled  to  a  weight  so  great  as  this;  but  to 
restore  Professor  Newcomb's  weight  would  be  to  increase 


the  negative  correction  to  a  point  where  it  would  be  in  sub- 
stantial conformity  with  the  result  computed  by  Dr.  Bill 

(A.J.  428). 

Without  attempting  a  comprehensive  examination  of  the 
evidence  as  to  the  position  of  the  equinox,  it  may  be  inter- 
esting tii  notice  so I  that  which  is  derived  wholly  from 

Observations  Of  a  date  later  than    any  included   in    Professor 

\  i  wcomb's  ci piat  ions.     Separating  the  Greenwich  determi- 
nations into  tint [ual  groups  the  following  table  exhibits 

the  corrections,  .IK.  to  the  equinox  2VJ  derived    from   tin- 
respective  sources. 

Kmini   Values  of    IK  Applicable  to  Nv 


Observatory 

Date 

Years  of  Obs. 

JE 

<  l-reenwich 

L875 

8 

-0.020 

Washington 

1880 

9 

-0.015 

Greenwich 

L883 

8 

-0.029 

Oxford 

1  sss 

8 

-0.018 

Greenwich 

IN'.  HI 

S 

+0.015 

Means 


LSS2 


-0.013 


All  the  testimony  here  presented  is  very  consistent  with 
the  correct  Lon 
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which  would  be  about  that  which  would  result  from  assign- 
ing to  the  Auwers-Bbadley  determination  weight,  0.5. 
The  Pulkowa  equinox  for  1865  would  correct  this  by 
+  0".006,  and  the  above  mean  of  modern  determinations 
would  correct  it  by  —  0*.002. 

I  lay  no  especial  stress  upon  this  result,  for  I  think  the 
matter  requires  a  searching  revision  throughout;  and  then- 
is  much  additional  evidence  which  would  probably  well 
repay  the  labor  of  adapting  it  for  use.  At  the  same  time, 
to  astronomers  conversant  with  the  subject.  1  submit  these 
three  questions. 

First,  is  the  rejection  of  the  equinox-determinations 
of  Piazzi  and  Maskelyne  justified  1>\  the  facts? 

Secondly,i£,  < trary  to  what    I  should  anticipate,  the 

answer  to  this  first  question  should  be  in  the  negative,  then, 
I  ask,  what  degree  of  confidence  can  be  attached  to  any 
determination  of  the  motion  of  the  equinox  by  observations 
of  the  sun.  when,  upon  a  question  of  modifying  the  weights 
of  three  out  of  twenty-six  determinations  (and  these  three 
undoubtedly  the  weakest),  our  judgement  as  to  what  is 
the  true  centennial  motion  of  the  equinox  may  vary  by 
nearly  1".0 '.' 

Thirdly,  in  view  of  all  the  evidence  from  observations 
of  the  sun  is  it  reasonable  to  suppose  that  the  motion  of 
the  equinox,  Nv  requires  a  correction  having  the  positive 
sign  '•' 
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Leaving  aside  the  question,  whal  correction  is  required 
for  the  motion  of  the  equinox,  2V1(  we  may  determine  from 
Professor  Newoomb's  equations  (p.  33,  Eq.  Finn/.  Stars), 
the  nominal  probable  error  of  that  motion.  This  is 
±0".27.  This  is  equivalent  to  a  probable  error  of  ±0".30 
in  the  centennial  value  of  the  luni-solar  precession,  \j/. 
1  think  that  no  one  would  have  the  hardihood  to  contend 
that  this  is  an  exaggeration  of  this  probable  error.  In 
fact,  when  we  observe  with  how  great  apparent  noncha- 
lance Professor  Xewcomb  contemplates  the  advisability 
of  this  or  that  modification  of  the  motion  of  the  equinox 
)i\  quantities  varying  from  +0".3  to  +1".0,  and  when  we 
find  that  Dr.  Hill,  in  a  computation  entitled  to  respect, 
derives  a  correction  which  is  nearly  — 1".0,  it  ought  not 
to  be  matter  of  surprise  if  the  probable  error  of  New- 
comb's  adopted  motion  of  the  equinox  should  be  set  even 
higher  than  ±0".27.  Professor  Newcomb  thinks  the 
probable  error  of  ip  from  right-ascensions  "  might  be  placed 
anywhere  between  ±0".20  and  ±0".40"  (The  Free.  Count., 
p.  70). 

There  appear  to  be  two  ways  in  which  to  seek  for  a 
diminution  of  this  uncertainty.  First,  we  may  try  to  bring 
more  and  better  evidence  to  bear  upon  the  question  as  to 
•what  is  the  motion  of  the  equinox  indicated  by  observa- 
tions of  the  sun.  Especially  should  observations  be  made 
in  latitudes  more  favorable  than  those  of  Greenwich  and 
Pulkowa.  Secondly,  we  may  devote  more  careful  attention 
to  existing  and  future  observation  of  star-declinations,  in 
order  to  see  what  testimony  they  offer  as  to  the  true 
amount  of  precessional  motion,  and,  indirectly,  as  to  the 
motion  of  the  equinox  itself. 

Hie  Bearing  of  Observed  Star-Declinations  upon  the 
Value  of  i//.  Referring  to  our  sources  of  information  as 
to  the  precession,  Professor  Newcomb  says :  "  In  case  of 
the  value  derived  from  the  declinations  there  are  fewer 
sources  of  uncertainty"  (The  Free.  Const,  p.  70).  I  think 
he  is  right  in  this  opinion.  The  most  serious  source  of 
uncertainty  lies  in  the  liability  of  the  various  series  of 
declinations  to  be  affected  with  an  error  of  the  form, 
k  cos  a,  which  Professor  Newcomb  insists  may  be  very 
material,  even  in  the  best  constructed  normal  system. 
Yet  I  find  that  in  its  effect  upon  centennial  n,  in  his  com- 
putations, he  estimates  the  probable  error  introduced  from 
this  source  to  be  only  ±0M0  (A.J.  426,  p.  138,  col.  2). 
My  own  direct  evaluation  of  this  probable  frror  fully  con- 
firms this  low  estimate  of  Professor  Newoomb's.  I  agree 
with  him  that  in  any  problem  like  this  of  precessional 
motion  we  need  to  be  on  guard  against  sources  of  system- 
atic error.  We  may  increase  the  material  to  be  employed 
in  such  a  way  as  to  reduce  the  casual  error  to  a  merely 
nominal  quantity,  so  that  the  probable  error  of  our  final 
result  shall  not  be  very  much  greater  than  that  due  to  the 
underlying    systematic   error.     Let   us  then  suppose  that 


the  probable  error  in  determining  n  may  be,  ideally,  broug  lit 
down  to  ±0".10;  we  shall  then  have  for  the  probable 
error  of  t//, 

p.e.  of^=   ±?ff'1       =    ±0".25 


This  is  actually  smaller  than  the  corresponding  quantity, 

±  ()"..")(),  due  to  uncertainty  in  our  knowledge  of  the  motion 
of  the  equinox.  But  after  estimating  the  probable  system- 
atic error  of  the  centennial  value  of  n  as  ±0".10, 
Professor  Newcomb  adds  that  this  error  may  be  as  gr'qat 
as  ±0".20.  I  do  not  know  whether  he  means  by  this  that 
±0".20  is  to  be  taken  as  a  sort  of  upper  limit  of  the 
error.  If  the  actual  probable  error  be  ±0".10,  then,  in- 
deed, may  the  real  error  be  as  much  as  ±0".20  once  in 
5  trials,  and  even  as  much  as  ±  0". 30  once  in  23  trials. 
Sa\  ing  nothing  of  accidental  errors,  in  the  same  way,  the 
actual  error  of  if/  determined  through  right-ascensions 
alone  may  be  as  much  as  ±0".60  once  in  5  trials,  and 
±0".90  once  in  about  23  trials.  But  if  he  means  that 
the  probable  error  of  any  well-constructed  normal  system 
of  declinations  at  the  present  time  may  be  as  great  as 
±0".20,  in  its  effect  upon  the  determination  of  n,  then  I 
cannot  agree  with  him  for  reasons  which  I  shall  now  pro- 
duce in  a  form  as  brief  as  I  can  manage. 

As  the  normal  system  through  which  to  derive  the  sys- 
tematic errors  of  various  series  of  observed  star-declinations 
I  shall  take  my  "Catalogue  of  500  Stars,"  published  nearly 
twenty  years  ago.  I  choose  this,  not  by  any  means  be- 
cause it  is  the  best  which  can  be  devised,  but  because  it  is 
ready  for  use,  and  because  various  independent  tests  of 
its  accuracy  by  Backlund,  Newcomb,  Chandler  and 
others,  together  with  a  great  variety  of  unpublished  tests 
of  my  own,  have  shown  that  it  represents  fairly  well  the 
combined  testimony  of  all  the  observations  of  declination 
which  have  been  made  during  the  present  century.  For 
many  cogent  reasons,  which  need  not  be  recounted  in  the 
present  limits  of  space,  this  normal  system  is  probably 
very  nearly  free  from  systematic  error  of  the  form,  k  cos  a. 
Rather  contrary  to  what  might  have  been  suspected  be- 
forehand this  form  of  error  in  the  best  series  of  declina- 
tions is  not  a  very  serious  one.  This  is  well  illustrated  in 
the  following  table,  which  contains  for  the  best  series  of 
declinations  in  existence  20  years  ago  the  comparison 
found  by  subtracting  the  declinations  in  each  of  them  from 
the  corresponding  declinations  of  the  Normal  System,  and 
then  collecting  the  differences  in  groups  of  two  hours.  At 
the  foot  of  each  column  in  full-faced  type  is  given  the  co- 
efficient k,  of  cos  a,  derived  from  the  observed  numbers  for 
the  respective  catalogues;  and  below  that  line  are  given 
numbers  indicating  the  weight  which  each  catalogue  re- 
ceived in  the  formation  of  the  Normal  System. 
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C08    a. 

R  A. 

EConigsb. 

Dorpat 

A  ho 

i ,  tech. 

Pirik. 

Paris 

Gwch. 

Gwch. 

Lei  I'-m 

tfelb. 

Wash. 

Gwch. 

1821 

1824 

1829 

12  yr. 

1845 

1858 

1857 

1864 

1867 

L868 

1868 

1870 

b 

1 

0.06 

-0.16 

II    M| 

+  0.11 

0.05 

-  o'o3 

+  0.05 

ii. ill 

+  0.11 

0.03 

ii  03 

;; 

ii  L3 

+  0.06 

-0.0.-) 

'• 

-0.11 

•nlS 

+  o.o.-, 

II.Ol 

0.02 

0.00 

-o.os 

+  0.17 

5 

1 1  2 1 

n  in 

-o.02 

0.06 

+  O.01 

1  0.02 

+  o.os 

1  0.04 

—0.03 

1  0.04 

-0.03 

+  0.02 

+0.10 

■  0.30 

0.00 

+0.06 

0.06 

t  0.15 

1  0.15 

-0.13 

+  0.11 

0.03 

+  0.07 

-O.OS 

9 

0.05 

+  <i.ll 

+0.34 

0.00 

-0.00 

-0.02 

+  O.OS 

-0.02 

0.03 

1  0.07 

+0.06 

—  0.01 

11 

+0.26 

-  0.02 

0.00 

o.oo 

-0.02 

-0.11 

o.oo 

-0.11 

t  o.ol 

0.03 

+0.05 

-0.14 

1.". 

ii  03 

+  0.02 

+  O.OS 

+0.06 

+  0.03 

-0.11 

-0.16 

0.05 

0.05 

0.0  I 

-0.09 

-0.08 

15 

H  26 

+  0.10 

•  -0.02 

+  0.12 

-0.04 

-0.11 

0.02 

0.03 

0.01 

-0.12 

0.00 

0.13 

17 

0.08 

0.53 

+0.06 

+  0.01 

o.oo 

-0.18 

+0.02 

+0.09 

-0.0.5 

-0.04 

+  0.04 

+  0.05 

10 

21 

o  i ; 

0.02 

0.09 

0.03 

+  0.10 

+  0.12 

0.05 

-0.00 

+  0.07 

—0.03 

0.12 

+  0.11 

+0.1  1 

0.07 

+  0.07 

-0.09 

-0.09 

+0.15 

-  0.03 

+  0.1  I 

■J-0.03 

0.03 

+  0.01 

0.00 

23 

1  0.08 

+0.12 

-0.05 

0.12 

+  0.05 

+  o.:;:. 

+  0.10 

+  0.01 

+0.06 

0.16 

4  0.12 

-0.14 

K 

+0.08 

—0.02 

(>.(>'.> 

0.07 

+O.Ol 

M>.14 

+0.03 

+0.06 

+0.02 

+0.01 

+0.01 

+0.05 

\Yt. 

1 

5 

5 

4 

10 

3 

2 

2 

8 

'-' 

3 

•> 

From  this  table  it  appears  thai  the  probable  error  of  the 
unit  of  weight  is    ±0".086.     Recurring,  now,  to  the  table 
on  p.  [72],  -  Declinations  of  500  Stars,"  which  exhibits  a 
list  of"  weights  attached  to  the  respective  observed  declina- 
Eorming  the  basis  of  the  Normal  System  here  in  ques- 
tion. 1  find  for  the  probable  emu-  of  k  for  weight  unity  to 
i.ll.  somewhat  larger  than  from  the  catalogues  of 
largesl    weight.     If  now  we  denote  \>\      Ik    the  probable 
uatic  progression  for  a  century  of  the  value  of  k  ap- 
plicable to  the  Normal  System  we  shall  find  for  the  weight 
,•  the  mean  date  L847,  71 ;  and  for  the  weighl  of    Ik, 
L.76.     These  correspond  respectively  to  probable  errors  of 
±0".013  and  ±0".085  (say  ±0".O9).     I  do  not  believe  that 
ctual   probable  error  very  much  exceeds   ±0".09;  and 
this  would  be  the  probable  error  of  n  derived  in  strict  con- 
formity with  this  normal  system. 

It  follows  now  that,  if  \p  be  determined  from  declina- 
tion the  resulting  probable  error  would  be  ±0".23,  while 
the  corresponding  minimum  for  this  quantity  from  right- 
ascensions  is  ±o"...o.  Thus  the  weight  of  ip  fromdeclina- 
tions,  as  compared  with  that  from  right-ascensions,  is  as  9 

to  5 nearly  twice  as  great.     But,  if  it  be  insisted  that 

these  computed  probable  errors  do  not  represent  the  entire 
uncertainty  fas  they  very  certainly  do  not)  then  I  must  ex- 
press my  firm  conviction  that  the  right-ascension  element 
stands  in  danger  of  the  relatively  greater  loss  as  matters 
stand.  In  what  way  a  thorough  reconstruction  of  the  bases 
of  investigation  would  operate  as  to  these  relative  errors, 
it  would  be  difficult  to  predict;  but  for  various  reasons,  it 
tain  thai  the  observed  declinations  must  always  bean 
important  factor  in  the  investigation  of  the  precessional 
motion. 

Discrepancy  Jeftoeew  Newcomb's  andL.STBi  \  e's  ».  The 
foregoing  remarks  apply  to  the  ideal  case,  where  there  is 
complete  elimination    of   the  influence  of  the  unknowns, 


contained  in  the  determining  equations,  upon  each  other; 
and  where  the  number  of  stars  compared  is  sufficiently 
great.  1  have  dwell  on  these  points  in  my  preceding 
papers.  'That  some  peculiar  influence  of  a  systematic  na- 
ture attaches  to  one,  or  both,  of  the  computations  of  N  I  \\ 
comb  and  Ltjdwig  Si  in  \i  as  to  n  seems  to  he  evident. 
Professor  Newi  omk  has  devoted  some  care  to  showing  that 
this  difference  could  nol  have  arisen  from  a  systematic 
difference  between  the  iiearlj  identical  proper  motions 
in  declination  employed  by  them  (T/ie  Prec.  Const,  p.  54). 
one  would  have  expected  the  two  values  of  n  to  come  out 
in  substantial  agreement  ;  yet  they  differ  0".68,  and  ip  from 
Nkwcomb's  declinations  is  larger  by  1".7  than  from  Si  i;r\  e's. 
It  would  not  be  surprising  should  this  difference  turn  out 
to  frame  a  strong  indictment  against  the  two-catalogue-one- 
hemisphere  method. 

It  is  worthy  of  remark,  perhaps,  that  if.  in  Professor 
Newcomb's  summing  up  {The  Prec.  Const.,  p.  69),  we  put 
JE'  =  — 0".60  (a  value  suggested  in  this  article),  and  if, 
in  the  place  of  Professor  Newcomb's  determination  of  n 
from  declinations,  we  adopt  that  of  L.  Stkuve  (2o".045.">), 
we  shall  have 

6<p  from  ftight-Aseensions  —0.29 
Si//  from  Declinations  —0.60 

or  — 0".45  in  the  mean,  against  the  value  +0".82  which 
Professor  Newcomb  adopts.  This  collection  results  in  the 
values, 

xp  =  5035^57 
m  =  4605.94 
n  =  2004.60 

I  do  not  pretend  to  vouch  foi  the  e  quantities  as  against 
those  found  by  Professor  New*  omb,  because  I  do  not  think 
that  much  can  be  predicated  in  favor  of  any  values  of  the 
precessional  motion  which  do  not  involve  much  more 
extensive  probing  into  the  sources  of  information  contained 
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in  the  meridian  observations  of  the  present  century,  than 
any  which  has  yet  been  undertaken ;  but  I  do  submit  the 
question  to  astronomers  whether  these  values  are  not  en- 
titled to  equal  consideration  with  Newcomb's. 

IV.     Meridian  Observations  of  Southern  Stars. 

It  is  rather  interesting  to  observe  the  working  of 
Professor  Newcomb's  fixed  idea  when  he  comes  to  make 
objection  to  my  proposition  in  reference  to  Southern  star- 
catalogues.  Instinctively,  he  selects  only  two,  out  of  all 
the  series  of  observations,  as  most  suitable  for  his  purpose; 
and  apparently  he  thinks  of  these  purely  in  reference 
to  the  right-ascensions  (A.J.  426,  p.  139).  But  we  need 
those  catalogues  chiefly  on  account  of  their  star-declina- 
tions, as  I  shall  presently  show ;  though  their  help  in 
right-ascension  is  not  to  be  despised.  Professor  Newcomb 
says  he  could  not  use  the  Southern  observations  of  the 
Cape  catalogue  for  1840  because  he  could  not  determine 
dag  for  it.  Let  us  see  how  relatively  important  it  was 
for  him  to  know  that  term  of  correction  accurately. 

For  the  sake  of  clearness  in  this  and  what  follows  let  us 
examine  the  formulas  of  determination,  which  take  into 
account  the  solar  motion.     AVe  shall  put 

p   =   Distance  to  a  star,  or  to  group  of  stars,  con- 
sidered, 
c  =   Solar  motion  in  the  same  units  as  for  p. 

M=  C- 

P 

Jtp   =    Required  correction  to  Luni-Solar  precession. 
£  =   Obliquity  of  ecliptic. 
A  and  D  =   R.A.  and  Decl.,  respectively,  of  solar  apex. 
zla  and  z/8  =   Computed  proper  motions,  or  means  of  them 
considered  in  groups. 

AVe  shall  then  have 

(A\\i  cose)  cosS+^i/fSint)  sinS  sin  a  +  ( M  cos  D  cos  A)  sin  a 
—  (M  cos  D  sin  A)  cos«  =  Ja  cos  8 
(  —  Ms'mD)  cos8  +  (z/i/>sine)  cos«-r-(J/cosZ*cos.l)  sin 8 cos k 
+  (31  cos  D  sin  A)  sin  8  sin  a  =  J/8 

The  first  term  in  the  first  equation  is  the  one  which 
would  suffer  from  the  use  of  a  wrong  systematic  correction 
of  the  right-ascensions,  of  the  form  Jag.  But  a  mo- 
ment's consideration  will  show  that  the  zones  at  different 
declinations  contribute  very  differently  to  the  determination 
of  lift  cose,  or  Jm.  If  we  suppose  that  the  stars  employed 
in  our  determination  are  distributed  in  due  proportion  over 
the  different  areas  of  sky  from  pole  to  pole,  we  shall  have 
approximately  the  ideal  case  of  complete  elimination  of 
each  of  the  coefficients  with  reference  to  the  others.  This 
applies  with  special  advantage  to  the  relation  of  the  second 
to  the  third  term  in  each  of  the  above  equations,  by  which 
it  results  that  the  value  of  An  (—  dty  sin  e)  comes  out 
from  each  independently  of  any  assumption  whatever  as  to 


the  amount  and  direction  of  solar  motion.  It  is  now  pos- 
sible to  see  exactly  in  what  way  each  of  the  zones,  or  areas, 
contributes  to  the  solution  of  the  problem.  Taking  the 
hemisphere  as  the  unit  of  weight  we  determine  the  weight 
contributed  fortheterms  in     cosS    through  the  expression 

.;  I  ,    cos88tf8;     for  the   terms  in   sin  8,    through  the  ex- 

pression     3  1.     sina8c,osStf8  ;     and  for  the  terms  not  con- 

taining  a  function  of  8,  through  I,  cosSdS,  each  in 
its  own  unit. 

The  following  table  contains  the  values  of  these  integrals 
for  the  zones  indicated.  They  exhibit  the  relative  weights 
contributed  by  each  zone,  as  to  the  coefficient  considered. 

Relative  Weights  of  Terms. 
Zone  In  cos  8         In  sin  8        Without.  8 


0  to  30 
30  to  45 
45  to  60 
60  to  90 


o.oss 

0.100 
0.000 
0.026 


0.125 

0.220 
0.296 
0.350 


0.500 
0.207 
0.159 
0.134 


It  now  becomes  clear  that  Professor  Newcomb's  objec- 
tion as  to  the  ill  effect  upon  J\p  cose  arising  from  in- 
determination  as  to  Aa,i  is  very  much  weakened.  The 
first  column  indicates  the  relative  weights  for  this  term. 
Of  the  total  weight  for  determination  of  A\p  cost,  tak- 
ing the  entire  sphere,  only  one-seventeenth  comes  from  the 
area  south  of  —45°,  and  only  about  one-seventh  from  the 
area  south  of  —30°.  I  shall  show,  however,  that  there  is 
no  unusual  indetermination  as  to  the  correction,  Aug, 
for  Cape  1840,  nor  for  other  Southern  catalogues  of  the 
better  class  ;  so  that  Professor  Newcomb's  objection  simply 
falls  to  the  ground. 

A  little  attention  will  show  furthermore  that,  as  against 
any  small  sacrifice  we  may  incur  as  to  Aip  cose,  we 
shall  have  made  an  immense  gain  as  to  Jij/  sin  e  in  two 
ways. 

First,  it  will  be  possible  to  obtain  a  useful  value  of 
this  quantity  from  right-ascensions,  though  its  real  weight 
would  be  very  much  smaller  than  that  from  declinations,  — 
with  equal  accuracy  of  the  two  coordinates  one-third,  in 
practice,  probably,  still  less.  But  this  value  wrould  be  in- 
dependent both  of  terms  of  correction  in  right-ascension  of 
the  form  Aag,  and  of  terms  in  declination  of  the  form 
k  cos  a.  As  the  outcome  of  an  extensive  and  thorough  in- 
vestigation, the  comparison  of  this  value  of  Jf  sin  e 
with  that  from  declinations  would  have  a  high  interest. 

Secondly,  in  the  equations  formed  from  the  declinations 
Jij/  sin  c  (=//?*)  would  come  out  independently  of  the 
solar  motion.  AA'hen  the  BKADLEV-stars  alone  are  used  in 
the  deduction  of  this  quantity  there  is  no  small  degree  of 
indetermination.     It  is  in  this  respect  I  should  anticipate 
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eatest  gain  from  bhe  exl  i  precession-inves- 

tigation to  the  entire  sphere. 

Put  in  carrying  out  this  plan  it  would  not  do  to  select 
only  , ,  ms.     It  would  be  uetessarj  to 

utilize  all.     It  is  not  uei  ;o  over  the  list  of  South- 

ix-catalogues  ;    but  1  mu  bat,  in  my  opinion, 

Professor  Newi  omb  errs  when  he  says  thai  the  Cape  cata- 
logue for  1840  would  be  the  first  that  is  useful  for  this 
purpose.  This  does  not  do  justice  tb  the  Madias  catalogue 
for  1835,  bj  Taylor.  This  contains  over  3900  stars  south 
10°,  and  it  inns  beyond  —60°  with  useful  places.     I 

think  I  shall  be  able  to  show  that  these  star-positions  are 
than  their  ordinary  reputation.  1  shall  confidently 
look  for  a  great  improvement  in  those  star-places,  conse- 
quent upon  the  new  reduction  which  Dr.  DOWNING  has  now 
in  hand,  and  which  will  undoubtedly  he  available  within  a 
very  few  years,  in  time  to  be  combined  with  the  reobserva- 
tion  of  those  stars  at  the  present  time,  and  with  a  great 
number  of  intermediate  determinations.  The  declinations 
of  Brisbane  are.  tor  the  time,  good;  and  the  Cape  posi- 
tions for  1850  will  prove  to  be  a  most  useful  auxiliary,  es- 
pecially if  all  of  them  should  he  reohserved  during  thi 
ears. 
For  some  years  1  have  been  making  active  use  of  South 
em  star-catalogues,  employing  a  very  decided  fraction  of 
my  time  in  that  way.  It  is  true  that  I  find  much  to  criti- 
cise as  to  the  plan  and  execution  of  some  of  those  works 
in  earlier  times  by  men  who  were  more  interested  in  other 
things.     Set  1  am  sure  that   those  works  are  not  only  of 


value  in  computing  the  proper  motion  of  stars,  but  also 
thai  it  is  possible  to  free  those  motions  from  systematic 
error  to  an  extent  quite  sufficient  to  render  them  of  value 
in  the  way  I  have  proposed,  To  say  nothing  of  my  current 
work  upon  stars  interesting  for  proper  motion,  1  bave  com- 
puted, from  a  combination  of  the  principal  Southern  cata- 
logues, the  posit  ions  for  more  t  ban  600  stars  south  of  —  22°, 
of  which  more  than  100  are  south  of  —  .'!0°.  This  has  given 
me  a  hopeful  feeling  as  to  those  star-catalogues.  As  a 
beginning  in  the  work  of  reobservation  I  am  now  engaged 
in  observing  all  stars  brighter  than  the  seventh  magnitude 
(and  of  as  many  thai  are  fainter)  between  the  parallels  of 
—  22°  and  —36°.  About  18000  observations  bave  been 
made  at  this  observatory  in  the  interests  of  this  program, 
now  approaching  completion.  Thus,  in  this  part  of  the 
sky.  we  shall  presently  have  an  interval  of  observation  ex- 
tending more  than  60  years  later  than  Taylor's  epoch. 

It  thus  happens  that  1  am  in  possession  of  a  little  of  the 
kind  of  evidence  uecessarj  m  forming  a  judgement  as  to 
bhe  quality  and  possibilities  concerning  the  meridian  ob- 
servations upon  the  southern  sky.  With  the  exception  of 
La<  wi.i.k's  zones  and  the  Paramatta  right-ascensions  these 
seem  to  me  to  be  neither  very  much  better  nor  very  much 
worse  than  contemporary  observations  upon  the  northern 
sky.  As  soon  as  the  pages  of  this  journal  can  fairly  grant 
admission  to  such  an  article  1  intend  to  make  public  some 
results  of  my  investigations  upon  the  Southern  catalogues ; 
and  I  shall  then  take  occasion  to  demonstrate  all  I  have 
ever  said  in  favor  of  them. 


FILAR-MICROMETER  OBSERVATIONS  OF  (16)  PSYCHE, 

HADE     WITH     THE    6-INCH     EQUATORIAL     01     Till:     DETROIT     OBSERVATORY,     ANN     ARBOR,     MICH. 

By    SIDNEY    1).   TOWNL.EY. 
[Communicated  by  the  Director  of  the  Observ:in.i  \ . 


1897  Ann  Arbor  M.T. 

* 

No. 
Comp. 

Planet 
da 

-* 
J8 

Planet's 

a 

Apparent 
8 

log  Ap 
for  a     '     for  8 

Feb.  18 

b        in      8 

11   31    47 

1 

10  .  6 

m      a 

+0   18.44 

+   4  .33.8 

10  27    14.38 

+  9  54  53.3 

»9.048 

0.676 

26 

11    37     4 

" 

S  ,  6 

-2  22.61 

-  2  51.6 

in  21   24.87 

+  10  37  55.2 

»8.468 

ii  664 

•  '- 

11  39  35 

4 

8  ,  6 

+  0   L9.98 

-  3  33.7 

10  20  37.80 

+  lo  43   13.1 

n8.187 

0.663 

Mar.    6 

in  :,4  31 

5 

12,  8 

+0  27.54 

-  4  22.5 

in   15  20.39 

+  11    18  34.9 

«8.594 

0.655 

i 

in  :,l    19 

5 

12  .  6 

-0  16.12 

+  ii  29.3 

in  1 1  .".i;.:;; 

+  11   23  26.7 

»8.472 

0.654 

lo 

11     6  58 

6 

12,  6 

+  0     9.94 

-10  15.0 

10  12  29.84 

+  11  37  30.1 

8.325 

0.0..1 

M<an   Places  for  1.S07.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

s 

app.  place 

Authority 

1 

1o"i':"'l';;.::1 

+  _>,:; 

+   9  50   11.7 

1... 

j>  Leonis;  i  (B.J.+A.  /•:.  >                    +2  Paria   1 2860] 

2 

L0  23    11.77 

+2.71 

+  10   In  59.2 

-12.4 

,'.  ■-:    Pulk.  752+2  Jam.,  4455+Glas.,  2732+  1  \\  .   375 

4 

in  L'n  15.10 

+2.72 

+  10  46  59.0 

— 11*.  2 

Micrometer-determination  from  :+;;; 

3 

10  19  50.85 

+  lo  52     6.2 

—  12.2 

1  [Kam  1747+3  Leipzig  A.G.< 

5 

in  1  1  50.12 

+  11   23     9.2 

-11.8 

J  [W,  ,  208+2  Rum.  3142+6  Paris2  12656 

6 

10  12  17.17  . 

+  2.73 

+  ii  47  r.<;.7 

-11.6 

I  2Pariss  l2601+2Tar  , 4377+K*ml715+Schj.  !7j69 
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RELATIVE  POSITIONS   OF  HYPERION  AND  IAPETUS,  AND   OTHER 
SATELLITES   OP    8  AT  URN, 

MADE   with   THE   26-INCB    RBFBACTOB  OF  THE    LEANDER    MCCORMICK   oitsK.lt  v.vroi:  v    OF  THE    rx'ivniisrrv   OF    VIRGINIA, 

By  E.  O 
In  the  following  measures,  the  angles  given  arc  each  the 
mean  of  two  comparisons  ;  the  distances  were  obtained  from 
measures  of  double  distances.  Corrections  have  been  ap- 
plied for  refraction.  Eastern  mean  time  is  used  (75th 
Meridian). 


Rhea— Hyp 


1894 

Eastern  Time 

P 

Kasti 

in  Time 

April 

2 

13"    3°  25 

99.66 

l:;' 

8*  37* 

13  28  25 

99.81 

13 

13 
13 

13  36 

17  40 
21     5 

25 

11  17     9 

117. CD 

11 

22  27 

11  34  38 

117.82 

11 

25  16 

May 

1 

11  13     4 

261.92 

11 

17  54 

11  26  51 

261.36 

11 

21   47 

Titan  -Hypervoi 

1. 

March  8 

12     5  49 

94.:;:; 

12 

20  32 

12  35  42 

94.78 

12 

28   11 

12 

L5  46  32 

122.;;., 

15 

52  28 

16     0  12 

121.79 

15 

55     1 

16  17  34 

121.61 

16 

4     6 

16  37  53 

121.89 

16 

11  40 

1.3 

16  10  51 

120.19 

16 

16  27 

16  32  37 

119.62 

16 
16 
16 

19     5 
22     8 

25  27 

April 

8 

14  38  46 

225.27 

14 

51  21 

15     9  58 

225.45 

14 
15 
15 

55  35 
0  16 
4  15 

25 

13     0  29 

132.99 

13 

10  34 

26 

11  55  59 

206.44 

12 

3     4 

12  20  30 

208.06 

12 

S     4 

May 

21 

9   27   29 

121.45 

9 

:;2  2:; 

9  41  30 

121.22 

9 

.",7    :: 

24 

11     3  46 

246.45 

11 

7  49 

11  12  13 

247.41 

11 

8     9 

26 

10  10  24 

262.05 

10 

15  45 

10  22  27 

261.78 

10 

17  31 

June 

2 

9  40  32 

7;;.7i 

9 

1  1  53 

9  49  35 

73.79 

9 

46     5 

Dione— Iapetus. 

April 

27 

14  30  35 

201.58 

14 

33  43 

14  40  53 

200  <;s 

14 

37  23 

June 

o 

12     8     9 

32S.17 

12 

11     0 

12  17  35 

328.23 

12 

14  22 

7 

11   49     9 

21.2:; 

11 

52     1 

11   56  11 

21.:;:. 

11 

54  17 

Tihea  Iapetus. 

March  1* 

I.,   29    42 

359.25 

23 

15  58  18 

65.21 

16 
16 

4     6 
7  30 

134.94 
L34.31 
134.42 
134.16 

65.14 

65.27 

133.32 

133.34 


149.20 

14S.79 

31.23 

31.22 

30.87 

30.69 

27.19 

27.68 

27.67 

20.S7 

126.26 

125.84 

125.85 

125.78 

111.00 

85.27 

85.62 

36.35 

36.39 

83.15 

83.11 

132.94 

133.13 

158.81 

15S.95 


113.89 
113.97 

1S4.75 
184.73 
126.40 
126.26 


167.79 
167.61 


LOVETT. 

Rhea  - 

Iapetus.  — cont. 

1894 

Eastern  Time 

P 

Eastern  Time 

s 

April 

25 

ll"  Um578 

ls:;.i:; 

h       in       s 

11  48  48 

I.-.2.O.-, 

11   5(1   to 

183.63 

11   52  .",9 

L32.65 

2C. 

12   l:;    i:. 

15(1.17 

l:;    IS    11' 

122.00 

I:;  26     4 

155.65 

13  22   22 

121.00 

27 

11    13  18 

156.69 

14   10  50 

132.35 

14  22  51 

L57.45 

14  19  47 

132.22 

28 

11  3;;  35 

206.87 

1 1    38  49 

1  1    IS     5 

11 2. 11 

1  11. SI 

29 

10  10    IS 

210.91 

10    10      9 

220.53 

10  23  29 

210.95 

10  19  26 

220.69 

May 

1 

1  1    30   25 

245.41 

11  33  55 

149.04 

11    39  46 

245.29 

11  37     9 

148.84 

13  35   14 

211.99 

l:;  38  27 

147.56 

13  42  43 

244.77 

13  40  39 

147.59 

2 

12  57    L3 

249.48 

June 

2 

8  55  59 

340.14 

9     0     6 

164.08 

9    :i  :;.-. 

340.21 

9     0  59 

101.12 

12  19  49 

342.36 

12  23  .'12 

158.00 

12  26  31 

342.27 

12  24  17 

158.11 

7 

11  13  37 

54.13 

11  16  11 

173.75 

11  21     1 

54.19 

11   18  19 

173.79 

12  18  45 

54.30 

12  23  34 

170.18 

12  29     4 

54.32 

12  26  27 

170.16 

Titan— Iapetus 

March  18 

15  25  40 

41.47 

23 

15  55  30 

77.31 

16  14  22 
16  19     5 

217.92 

217.5S 

April 

26 

11  20  39 

210.00 

11    29  44 

188.95 

11  41   28 

210.42 

11  34  27 

188.81 

27 

13  21  41 

234.34 

13  27  57 

212.79 

13  37  58 

234.58 

13  33  16 

242.94 

June 

2 

9     5  44 

311.09 

9  10  30 

271.88 

9  15  13 

311.17 

9  11  26 

271.96 

12  39  16 

313.38 

12  43  37 

260.44 

12  49  15 

313.38 

12  44  57 

260.54 

7 

10  59  14 

65.70 

11      2   49 

287.89 

11     9  54 

00.20 

11     0   21 

287.88 

12  31  52 

66.96 

12  36  14 

290.40 

12  45  34 

66.96 

12  41  31 

290.:,5 

Hyp 

erion-Iapet 

IS. 

April 

25 

12  42  21 

214.94 

12  47  31 

121.83 

12  55  45 

215.37 

12  51  44 

121.42 

May 

1 

10  45  14 

185.88 

10  50     4 

42.50 

10  56    1 1 

185.12 

10  52  58 

12.52 

13  21  11 

186.87 

13  26     1 

42.04 

13  32  23 

187.30 

13  29     0 

42.06 

2 

10     9  56 

205.11 

10  13  19 

46.28 

10  21  39 

204.99 

10  17  29 

16.34 

12  43  38 

208.37 

12  47  14 

47.45 

12  54  14 

209.05 

12  50  40 

47.34 

3 

11  10  50 

233.96 

11  23  36 
11  26  22 

00.17 
66.41 

178 
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OBSERVATIONS   OF    VARIABLE   STARS  — No.  6, 

By  \VM.  E.  SPERRA. 


5323.     R  Bootis. 

\   series  of  eighteen  observations  of  this  star  between 

ls'.i?  June  9  and  Sept.  I,  yield   as   the  date  ol   maximum 

1897  July  25.5  at  7*.8.     Both  rise  and  fall  were  of  nearly 

duration,  the  Btar  at   first  date  was  at  9 ".7,  and  at 

last.  9*.5. 

5768.     l;U  Hen 
Nineteen  observations  of  this  star,  between  1897  April  2  I 
ami  Oct.  23,  indicate  as  the  date  of  maximum  ls;>7  June  1  I. 


The  rise  was  rapid,  and  the  fall  quite  slow.     I   bave   oo 
mates  of  comparison-stars,  so  none 
are  given  of  the  star. 

Tits.-,.  RT  Cygni. 
I  have  thirty-one  observations  of  this  star  between 
L897  March  L6  and  Sept.  10,  from  which  a  minimum  of 
ll".5  for  Ma\  7.  and  a  maximum  of  7". 5  for  July  25.5  is 
indicated.  This  series  is  a  continuation  of  thai  published 
in  A.J.  399.     At  last  observation  the  star  had  reached  9"  5. 


OBSERVATIONS  OF   MINOR   PLANETS, 

MADE     A  I      rill:    OBSERVATORY    OF     VASSAR    COLLEGE, 

V,\    MART    W.    WHITNEY    am.   CAROLINE    E.    FURNESS. 


1897 Greenwich  M.T. 

* 

No. 
i  omp. 

I'lanet 

4a 

—  * 

Planet's  Apparent 
a                       3 

log  i>\ 
for  a           forS 

01,-. 

h        tr 

S 

13)  Ariadne. 

h 

Sept 

28 

16   in 

8 

1 

8 

+  2'"  s.Y.i 

-   0     7.1        1 

20 

14.60 

+  14  46  23.8 

«9.257 

0.61  1 

V 

L".i 

L6     1 

11 

1 

S 

+  1    L0.43 

-    5   56.6        1 

19 

16.55 

+  11    Hi  34.7 

>i9.260 

0.615 

F 

Oct. 

26 

17   .-I 

55 

2 

8 

+  11  51.48 
(2i 

-   1   52.2  |    0 
11 )  Athamantis. 

53 

25.33 

+  11   27  39.3 

9.429 

0.670 

F 

i  let. 

26 

18  10 

55 

3 

10 

+  0  39.85 

+   1   1  1.5        1 

28 

53.67 

+  ls   n;  51.6 

9.397 

0.580 

F 

1 17  1  1  Pfiaedra. 

Oct, 

27 

16  21 

3 

4 

6 

-0     5.13 

( 

+  8     2.1   |    2 
250)  Bettina. 

10 

L9.76 

+30  42  22.1 

(i8.598 

0.221 

F 

Nov. 

17 

15   10 

o 

5 

8 

-11  48.22 

-  5  19.3 

3 

23 

59.31 

+  2!)  10  39.8 

»9.115 

0.300 

W 

18 

13     4 

16 

5 

6 

-1  42.82 

—   5     3.7 

3 

23 

4.72 

+  29  10  55.4 

»9.590 

0.484 

W 

l'.-; 

13     7 

19 

6 

8 

+  0  57.87 

+  10     7.7 

3 

is 

2.23 

+  29    11    24.6 

&9.540 

11. 1  11 

w 

24 

11   L6 

37 

6 

8 

-0     4.33 

+  9  54.5 

O 

17 

0.05 

+  29    11    11.5 

«9.325 

0.338 

w 

( 

120)  Lackesis. 

23 

14  40 

56 

7 

8 

+  0  16.11 

-   4     7.3 

3 

52 

2(1.76 

+  30  16     4.6 

,,'.i:;m; 

0.327 

w 

24 

13     8 

8 

7 

0 

-0  35.94 

-   6  21.3 

3 

.-,1 

28.73 

+30  13  50.6 

9.595 

0.468 

w 

27 

15  17 

9 

8 

4 

-4  59.24 

—  2  32.2 

3 

48 

38. 15 

+  30     5  59.6 

//'.1.  in:, 

11.267 

w 

(131)  Vala. 

Nov. 

23 

18  39 

41 

9 

8 

+  2     9.55 

-  3  26.8  1    2 

28 

51.02 

+  12  1i)  50.6 

9.553 

0.687 

V 

24 

15     1 

56 

9 

9 

+  1  28.17 
( 

-   4  40.8  |    2 
159 )  Aemilia. 

28 

9.65 

+  1 2     9  30.6 

»7.947 

0.636 

F 

Nov. 

24 

17     0 

47 

10 

6 

+  1  34.28 

+  5  15.3 

4 

6 

17.60 

+  11   53   18.0 

8.512 

0.610 

1' 

27 

17  35 

0 

10 

8 

-0  59.53 

+  (i  15.1 

4 

3 

13.84 

+  11    is    17.7 

9.102 

0.6  16 

V 

29 

17  26 

35 

11 

7 

+  1  46.79 

+    4  35.6 

4 

0 

2.7:; 

+  11  46     3.2 

9.1  in 

0.647 

F 

(34)  Circe. 

Nov. 

27 

18  44 

30 

12 

10 

-0     9.72 

+   9  44.6 

4 

23 

39.51 

+13  50     7.2 

9.340 

0.'633 

W 

29 

15     3 

17 

13 

8 

+  1  21.89 

+   0  21.5 

4 

2] 

54.93 

+  13  43  51.3 

&9.269 

0.629 

w 

30 

1  1  53 

30 

13 

6 

+  0  25.37 

-   2  50.3 

4 

20 

58.42 

+  13  40  39.5 

n9.292 

0.631 

w 

(- 

87)  Nephthys. 

Nov. 

29 

1 8     2 

20 

14 

7 

-0  50.47 

+  8  18.0  1    5 

14 

23.83 

+   7  25  58.0 

8.762 

0.695 

w 

Dec. 

13 

l  1     5 

34 

15 

9 

-0     5.23 

-  3  21.4      4 

59 

59.69 

+   7  .'in     2.7 

v.i.im 

0.707 

w 

15 

15  16 

32 

16 

7 

-0  40.66 

+   3  27.2  1    4 

57 

54.02 

+   7  33  25.2 

ra9.038 

0.695 

w 
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Mean  Places  for  1897.0  of  Comparison- Stars. 

Red.  in 

Red.  to 

* 

a 

app.  place 

8 

app.  place 

Authority 

1 

h       in       s 

1   is  31.69 

4  LI 2 

+  14  46     3.4 

+  27.S 

Leipzig   LG.  Catal.  396 

o 

ii  52  29.32 

+4.53 

+  11   2'.)     1.1 

+30.4 

Paris  123  1 

3 

1   28     9.1  1 

+  4.71 

+  18    15     7.1 

+  30.0 

Auwers,  Berlin  A. (J.  Catal.  456 

4 

2   Kl   1'.>.77 

+  5.12 

+  30  33  52.1 

f  27.0 

Paris  2SOS 

5 

3  24  41.92 

+  5.(11 

+  20    15   35.9 

+23.2 

Cambridge,  Graham  A. G.  Catal 

1712 

(i 

3   L6  58.75 

+  5.61 

+  29     ()  52.6 

+  21.3 

Ct                           U                    U                 « 

1671 

7 

3  51  58.84 

+  5.82 

+  30   L9  51.5 

1  20.4 

Bonn  VI,  +30°.V.U 

8 

3  53  31.81 

+  5.SS 

+  30     8  11.2 

+  20.6 

Cambridge,  Graham  A.G.  Catal.  1943 

9 

2  26  36.52 

+  1.95 

+  12    13  5(1.1 

+  27.0 

Paris  3129 

10 

4     4  38.09 

+  5.25 

+  11    IS    13.S 

+  18.9 

Leipzig  A.G.  Catal.  1221 

11 

1     0  10,65 

1  5.29 

+  11  41     8.3 

+  19.3 

Bonn  VI,  +11°570 

12 

1  23  43.87 

+-5.36 

+  13  40     5.7 

+  16.9 

Glasgow  I,  1081 

13 

4  20  27.66 

+  5.38 

+  13    13  12.6 

+  17.2 

Leipzig  A.G.  Catal.  1203 

14 

5  15     '.>.nii 

+  5.21 

+   7  17  28.6 

+  11.4 

<<         »      2132 

15 

1  59  59.53 

+5.39 

+   7  33   12.3 

+  11.8 

«            «           «       10S5 

16 

4  58  29.28 

+  5.4(1 

+   7  20  46.2 

+  11.8 

«           "          «      1050 

No  star  seen  in  the  position  for  DM.  30°583  on  either  1897  Nov.  27,  or  1898  Feb.  28. 


SUNSPOT  OBSERVATIONS   FOR   THE   MONTHS  JULY-DECEMBER,  1897, 

MADE    AT     MONTEAGLE,    TENNESSEE,    WITH    A   TWO-INCH    INSTRUMENT,     AND    AT    THE     LEANDER    MCCORMICK    OBSERVATORY,    WITH    A 

FOUR-INCH    EQUATORIAL, 

By     J.     ADAIR    LYON. 

With  the  exception  of  the  month  of  August,  and  part  of  September,  observations  have  been  made  upon  every 
day  that  the  state  of  weather  would  permit.     The  July  and  August  observations  were  made  at  Monteagle. 
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ADDITIONAL  CORRECTION  TO  NEWCOMB'S  ABERRATION  FROM  KUSTNER'S 

OBSERVATIONS, 


By  S.  C.  CHANDLER. 


I  ought  to  have  mentioned  in  the  note  on  p.  165  that 
Prof.  Newcomb  should  have  used  the  symbol  A  A  as  the 
correction  to  20".492,  not  to  20".445.     With  this  additional 


correction  Newcomb's  result  should  be  20". 619,  the  dif- 
ference between  which  and  my  value  20".611  is  insignifi- 
cant. 
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ABRIDGED   REFRACTION-FORMULAS    FOR    PHOTO*  tRAPHH '    PLATES, 


i;n   n:  \\k   SCHLESINGER, 


In   A.J.  387    Prof.  Jacoby    has   given    EormuIfEs    which 
is  i"  clear  rectangular  coordinates  -V  and    F  of  the 
effects  of  refraction;  they  may  he  written 


(1) 
where 


Correction  for  X=Xk(l+JTs)         +  Yk(G-tmS)  II 
«     Y=Xl  $)H+Yk(l+G*) 

G=cot(S+N) 
fl=tan  ($— a)  sin  N  cosec  (8  +  -V  i 
tan  2V=cos  (61     a)  col  g 

The  correction  Eor  X  differs  slightly  from  that  fust,  given 
by  Prof.  Jacobt,  A.J.  350.  It  was  first  published  in  es- 
H\  the  above  form  bj  .Mr.  I>\>"\,  ./../.  373. 

Other  refraction-formulas  somewhat  simpler  in  form  have 
been  deduced,  notably  by  Prof.  Tn;\i:i:  in  Mon.  Not.  R.A.S., 
November,  IS'.i."..  'l'lii-\  may  be  used  whenever  the  con- 
stants of  the  plate  arc  determined  bj  comparing  the  meas- 
ures of  some  of  the  stars  with  their  positions  as  known 
otherwise,  as  for  example,  through  meridian  observations. 
It  is  the  object  of  the  present  note  to  show  that  whenever 
the  constants  are  so  determined  the  following  simple 
formulas  may  be  employed. 

If  the  rectangular  coordinates  of  a  star  are  to  be  cor- 
rected for  an  orientation-error  r,  then  we  have 


Correction  for 


X  =    -  Yr 
Y  =    +Xr 


r  being  the  sine  of  the  small  angle  through  which  the  plate 
is  to  be  rotated.  Formulas  (1)  are  therefore  equivalent  to 
the  following 


ft>\  S      Correction  for 
(2)  | 


X  =  Xk(l+H*) 

Y  =   X2kGM+  Yk  [1+G*) 

with  an  orientation-correction, 

+A(tan8-  G)M 

If,  further,  the  coordinates  arc  to  lie  corrected  for  a  scale- 
value  error  p,  we  ha 

Columbia   University,  1S98  February  26. 


( iorrection  for 


X  = 
Y  = 


+  PX 
+  PY 


where  p  is  such  a  quantity  that  the  true  scale-value  is  to 
be  obtained  from  an  approximate  one  by  applying  to  the 
latter  the  factor  tl  Hp);  consequently  formulas  (2)  are 
equivalent  to 


Correction  Eor 


X  =  X  I,  \  //  ' 
Y  =  X2kGH 


G*) 


}(3) 


with  an  orientation-correction  as  before,  and  a  scale-value 
correction, 

t  k(l+  Gi I ;     or,     +  k  cosec-  (8  +  N). 

When  the  constants  of  the  plate  are  determined  by  such 
a  comparison  as  is  mentioned  above,  then  without  loss  of 
accuracy  we  may  neglect  that  part  of  the  refraction  which 
can  be  regarded  as  either  an  orientation  or  a  scale-value 
correction  ;  for  the  resulting  values  of  these  two  corrections, 
when  used  with  the  abridged  refraction  formulas  (3),  will 
give  correct  results.  It  may  happen  in  rare  cases  that  only 
the  orientation  is  to  be  thus  determined  ;  formulas  (2)  are 
then  applicable. 

Other  formulas  might  be  similarly  derived  from  (1),  but 
formulas  (3)  will  be  found  to  facilitate  computation  when 
'he  measures  are  arranged  in  the  order  of  right-ascensions. 

It  is  to  be  remembered  that  such  abridged  formulas  save 
labor  only  during  the  process  of  finding  the  constants  of 
the  plate,  and  in  proportion  to  the  number  of  comparison- 
stars  used;  for  these  constants  having  once  been  deter- 
mined, the  rectangular  coordinates  of  any  star  are  converted 
into  right-ascension  and  declination  by  means  of  corrections 
which  in  general  contain  terms  both  in  X  and  in  Y.  If  it 
is  desired  to  know  the  true  orientation  and  scale-value  of  a 
plate,  we  may  either  use  formulas  (1),  or  else  use  formulas 
(3)  and  apply  to  these  constants  the  corrections  indicated  ; 
the  latter  course  is  to  be  preferred  when  the  number  of 
comparison-stars  exceeds  five  or  six. 


No.  Ii'.;.  p.  L19,  in  equation  (2)    for    tan  $    put     sin  0 

"  ..n         it         (4J     insert  factor    cos  0. 

Xo.  42!),  p.  104,  in  J"  Equulei,    for     KUSTNER    put     K\"ii 
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DISCOVERIES  AXD   MEASURES   OF  DOUBLE  AND   MULTIPLE   STARS 
IX   THE   SOUTHERN   HEMISPHERE, 

MADE    Willi   THE  61-CM.    BEFBACTOB    OF   Till-;    LOWELL   OBSEBVATOBY, 
Bv   T.    J.    J.    SEE. 

Introduction. 


(i).  Historical  Statement .  It  is  now  fifty  years  since 
the  publication  of  the  results  of  Sir  John  Hekschel's  sur- 
vey of  the  nebulas  and  double  stars  of  the  southern  hemis- 
phere executed  at  the  Cape  of  Good  Hope  between  the  years 
1 834  and  1838 ;  and  although  the  most  extensive  plans  for 
cataloguing  the  southern  fixed  stars  have  since  been  carried 
oul  by  Gould  and  Thome  at  Cordoba,  and  by  Her  Majesty's 
successive  astronomers  at  the  Cape,  it  is  not  a  little  re- 
markable that  so  considerable  a  space  of  time  should  elapse 
in  an  interval  of  great  astronomical  activity  without  a 
more  rigorous  survey  of  the  double  stars  in  the  richest  and 
most  interesting  region  of  the  celestial  sphere.  The  labors 
of  Heeschel,  on  several  accounts,  were  devoted  principally 
to  the  southern  nebulas  and  clusters,  the  double-star  work 
being  regarded  as  of  secondary  interest,  and  allowed  to  in- 
terfere as  little  as  possible  with  the  former  inquiry.  In 
stating  this  result  and  the  circumstances  which  led  to  it 
(  Results  of  Observations  at  the  Cape  of  Good  Hope,  p.  165) 
Heeschel  adds  that  "to  have  executed  a  regular  survey  of 
the  southern  heavens  with  the  twenty -feet  reflector,  for  the 
purpose  of  detecting  close  double  stars,  would  have  re- 
quired at  least  two  additional  years,  and  probably  more, 
since  such  reviews  can  only  be  carried  on  with  effect  in 
those  states  of  the  atmosphere  when  the  definition  is  per- 
fect." Notwithstanding  the  difficulties  here  alluded  to,  in 
the  course  of  that  work  he  was  enabled  to  detect  over  2000 
new  double  stars,  a  large  part  of  which  are  sufficiently 
close  and  interesting  to  find  place  in  a  modern  catalogue. 
Owing  to  the  inequality  in  the  distribution  of  our  great 
refractors  between  the  two  hemispheres,  the  obstacles  to  a 
double-star  survey  have  continued,  though  the  activity  of 
the  Sydney  observatory  has  furnished  a  connecting  link 
between  the  time  of  Heeschel  and  our  own  age,  while  the 
new  discoveries  made  there,  and  more  recently  at  the  Cape 


by  Mr.  Innes  and  by  the  Harvard  Observers  at  Arequipa, 
have  done  much  to  fill  in  the  otherwise  blank  state  of  our 
knowledge  of  southern  stellar  astronomy.  Gould  has 
stated  to  the  writer,  in  the  last  letter  ever  written  by  that 
great  astronomer,  that  "  Only  such  double  stars  are  men- 
tioned in  the  Cordoba  volumes  as  attracted  attention  when 
they  were  observed  on  the  meridian,  in  the  field  of  the 
4.5-inch  instrument ;  and  consequently  belong  to  the  class 
which  would  be  called  coarse  by  those  who  are  searching 
for  binaries.  The  detection  of  these  formed  no  part  of  my 
plan ;  and  in  fact  they  never  interested  me  much,  apart 
from  the  possible  determination  of  the  relative  position  of 
the  components,  as  the  first  step  toward  the  determination 
of  their  orbits." 

Notwithstanding  this  modest  claim,  I  find  that  many 
important  stars  were  observed  at  Cordoba,  and  that  the 
relative  positions  given  by  the  Cordoba  places  possess  a 
much  higher  degree  of  accuracy  than  is  usual  in  meridian 
work  under  less  intelligent  and  less  assiduous  direction. 
In  tli is  respect  the  double-star  places  deducible  from  the 
Cordoba  Catalogues  have  a  degree  of  excellence  quite 
characteristic  of  all  the  work  done  at  Cordoba  under 
Gould's  masterly  supervision,  of  which  astronomers  have 
abundant  testimony  in  the  well  known  excellence  of  the 
Catalogues  themselves. 

(n).  The  Lowell  Survey.  On  receiving  from  Mr.  Lowell 
an  invitation  to  undertake  a  survey  of  the  southern  heavens 
for  the  discovery  and  measurement  of  new  double  stars 
and  nebulas,  with  the  61-cm.  Kefractor  just  finished  by 
the  Clarks,  it  seemed  likely  that  the  principal  obstacle 
encountered  by  Heeschel  and  later  southern  observers 
would  be  largely  overcome,  though  some  hindrance  would 
still  be  experienced  by  our  location  in  the  northern  terres- 
trial hemisphere.     Should  Mr.  Lowell  carry  out  his  inten- 
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tioD  of  Locating  the  observatory  in  the  southern  hemisphere, 
at  some  point   in   Peru,  our  situation  in  the  future  will  lie 

or  this  work  than  it  lias  been  in  the  past. 
\  1 1 1  Ets<  mi.  had  given  preference  to  the  nebulas,  1  deemed 
the  double-star  work  to  be  far  more  pressing,  and  accord- 
ingly entered  upon  the  survey  of  the  southern  double  stars 
jstaff,  L896Aug.l.  The  Catalogue  herewith  pre- 
sented to  the  public  contains  discoveries  and  measures 
made  during  the  firsl  year  and  tour  months  of  this 
wurk. 

tin  i.  Description  of  Instruments.  Before  discussing 
the  results  of  our  labors  something  ought  to  be  said  with 
regard  to  the  instrumental  equipment  and  the  method  of 
observal  ion  The  lenses  of  the  great  telescope  have  a  clear 
aperture  of  01  cm.  ii'l  inches),  and  a  ('oral  length  of  9.45 
metres  (31  Eeet).  The  glass  discs  from  which  the  lenses 
were  made  were  cast  in  Paris  by  M  lntois,  and  from  an 
optical  point  of  view  were  pronounced  bj  Mr.  Ci  w:k  the 
purest  andfinest  of  all  the  large  glass  discs  he  evei  figured. 
There  is  not  one  stria  in  either  lens,  nor  is  there  any  bub- 
ble or  other  defect  larger  than  a  grain  of  sand;  and  the 
color  throughout  is  extremely  clear  and  white.  Thej  are 
figured  to  the  curves  usually  adopted  by  Ai.vax  Clark 
&  Sous,  and  separated  in  the  cell  by  the  space  of  about 
10cm.  The  color  correction  is  the  most  perfect  [have 
seen  in  any  telescope.  The  images  are  absolutely  round 
and  without  a  wing  or  distortion  of  any  kind.  And  we  maj 
add  that  there  is  no  ghost  or  other  optical  illusion  which 
might  give  trouble  in  the  search  for  faint  companions  near 
bright  stars.  The  new  double  stars  presented  in  this  Cata- 
h  ill  be  the  most  decisive  testimony  to  the  ingenuity 
and  skill  employed  in  making  the  last*  large  glass  finished 
by  the  hand  of  the  late  Air.  Ai.vax  (J.  Clark,  to  whose 
memory  these  discoveries  will  offer  an  appropriate  tribute 
when  other  observers  shall  be  able  to  recognize  what  his 
genius  has  first  made  possible  to  human  vision. 

Tl  ■•   tube  of  the  telescope  is  of   sheet  steel,  and   very 

erroneous  statement  was  recently  circulated  to  the  effect  that 
the  Yerkcs  tens  N  Mr.  Clare's  last  work  :  ilia!  lens  was  finished  in 
Sept.,  1895,  and  was  officially  tested  on  Oct.  17,  is,  ra,  1895  (see  Astro- 
physical  Journal,  vol.  hi,  no.  2,  p.  1  -">  4 ) .  Mr.  Lowell's  order  for 
the  61-cm.  Refractor  was  not  given  till  May,  1895,  ami  the  Brsl  test  of 
lie-  new  lens  was  madebj  Mr.  Low]  [.Land  tie-  writer  April  15,  1896. 
The  concluding  touches  were  added  later,  and  indeed  only  a  few  days 
befon  the  lens  was  mounted  bj  Mr.  Clabe  at  Flagstaff  July  23, 
1896.  The  objective  of  the  Lowell  61  cm.  Refractor  is  therefore 
the  last  large  lens  figured  by  .Mr.  CLABE,  who  gave  it  his  usual  mi- 
nute personal  attention,  ami  applied  the  finishing  touches  with  his 
md.  Nevertheless,  we  think  it  proper  to  say  that  a  very  large 
part  of  the  delicate  work  of  grinding  and  polishing  this  superb  lens, 
was  done  by  Mr.  la  m>in.  for  many  years  Mr.  Clark's  foreman  and 

Optician,  who  has  now  succeeded  him  us  head  of  the  firm  of  Ai.vax 
ClaBK  A-  Sons.  Mr.  Ll  ndim' 8  work  shows  that  he  may  be  expected 
to  maintain  worthily  the  traditions  of  the  illustrious  firm,  which  has 
contributed  so  greatly  to  the  progress  of  astronomical  discovery. 


heavy*  ami  rigid,  so  that  flexure  is  almost  wholly  absent. 
In  proportion  t"  si/ethis  1ms  by  far  the  strongest  and  stiff- 
est  mounting  ever  built  for  any  telescope.  The  diurnal 
motion  of  the  telescope  is  controlled  by  an  electric  train 
with  a  Bond  Bpring-governor,  and  the  driving  (dock  has 
performed,  with  entire  satisfaction,  the  objects  remaining 
practically  fixed  in  the  field  for  an  indefinite  time.  The 
polar  axis  is  so  constructed  as  to  be  adjustable  to  any  lati- 
tude ~with.il]  I-"'  of  tli.-  equator,  and  hence  no  difficult]  was 
experienced  in  the  moving  I  nun  Flagstaff  to  Mexico.  The 
telescope  is  provided  with  two  finders  with  apertures  of 
10.1  cm.  and  6.35 cm.  respectively.      The  micr iter  was 

made  b\  ClARK  and  is  of  the  form  usually  adopted  by  that 
celebrated  firm.  The  turning  of  the  screw  has  been  found 
to  be  exceedingly  accurate,  and  the  value  of  one  revolution 
tixed  at     R        6".680    fc0".004. 

The  micrometer  has  been  provided  with  both  an  oil  and 
an  electric  illumination,  so  arranged  that  the  obser\  er  works 
with  bright  wires  illuminated  with  red  light.  The  intensity 
of  the  illumination  can  be  increased  or  diminished  at  will, 
so  that  the  faintest  object  can  be  seen  and  measured  in  im- 
mediate contact  with  the  wires.  The  electric  illumination 
was  used  in  all  the  observations  made  during  1897;  the  oil 
illuminat  ion  bid  ore  that  date.  In  all  the  work  the  observer 
kept  the  line  connecting  the  eyes  either  parallel  or  perpen- 
dicular to  the  line  joining  the  stars. 

ii\i.     Observers.     As   a   matter   oi    scientific    record    it 

OUght  to  be  said  that   neither  .Mr.  COGSHALL    nor    I   e\ei    u    - 

glasses;  and  that,  so  far  as  we  have  been  able  to  ascertain 
by  tests,  the  eyes  exhibit  no  appreciable  defects  with  re- 
gard to  astigmatic  distortion,  or  as  respects  the  perception 
of  colors.  From  my  previous  measures  of  those  stars  in- 
cluded in  the  new  work.  Researches  on  the  Evolution  of  the 
Stellar  Systems,  vol.  i,  it  appears  that  there  are  no  personal 
equations  which  can  be  established  with  certainty,  but  that 
on  the  whole  the  work  accords  closely  with  that  of  Otto 
Stbuve,  Dembowski  and  Burnham,  whose-  positions  for 
given  stars  are  generally  about  a  mean  of  all  the  positions — 
the  distances  being  neither  too  large  nor  too  small.  It  will 
be  seen  that  Mr.  Cogshall's  measures  do  not  differ  mate- 
rially from  my  own,  except  in  thecaseof  very  close  objects, 
where  his  distances  seem  to  be  somewhat  larger. 

(v).  Discovery  of  Brilliant  Double  Stars.  In  the  course 
of  our  sweeps  we  have  discovered  companions  to  a  consider- 
ble  number  of  bright  stars,  some  of    which  have  already 

been  annou sd  at  the  time  of  discovery.     For  the  sake  of 

completeness  and  to  secure  uniformity  in  the  numbers  as- 
signed to  the  stars,  all  of  these  objects  are  included  in  the 
present  Catalogue.  The  following  bright  stars  are  of 
special  interest :  — 

*The  whole  movable  part  of  the  instrument  weighs  about  0000 
kilograms,  and  yet  the  hearing  is  so  perfect  that  the  observer  can 
move  the  telescope  with  one  hand  without  rising  from  his  scat. 
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Double-Star  Number, 
and  desig'n  in  U.A. 

7il  =  V.\. 

2=11  Ceti 
=«Phoenicis 
=79  Eridani 
=95  Fomacis 
=  188  Eridani 
: Can opus 
=£i  Can.Maj. 
=86Can.Maj. 
=158  Can.Maj 
=  o  Puppis 
=192  Puppis 
=  60  Cai'inae 
=6  Puppis 
=223  Puppis 
=2f  Puppis 


6  = 
23  = 
26= 
32  = 
66  = 
68  = 
71  = 
76  = 
86= 
87  = 
S8  = 
89  = 

91  = 

92  = 

96= 

109  = 
111  = 
113  = 
115  = 
119  = 
135  = 
140  = 
142  = 
143= 
145  = 
151  = 
154= 
157  = 
163  = 
170  = 
176  = 

179  = 

180  = 
184= 
186  = 
204  = 
207  = 
218  = 

219: 

228: 

229  = 


=  1  I  Velorum 
=  A  Velorum 
-K  Velorum 
=3  Antliae 
=  150  Velorum 
-ji  Velorum 
=297  Eydrae 
=81  Centauri 
=  810  Hydrae 
=  89  Centauri 
=  97  Centauri 
=  .>:,  Centauri 
=  67  Centauri 
=  180  Centauri 
=ji  Centauri 
=  183  Centauri 
=  200  Centauri 
-d  <  lentauri 
=  228  Centauri 
=  241  Centauri 
=353  Hydrae 
-ip  Centauri 
-r/  Centauri 
=  46  Lupi 
=  A  Lupi 
=  46  Circini 
=  (/,  Lupi 


Magni- 
tudes 


5.7 
2.2 
4.7 

6 
5.9 

1 
4.9 

6: 

6 
5.4: 

6 
6.5 
5.5 
6.9 

.0 


12.8 
1  1.1 

7.8. 

6 
13.2 
1.1 

14.5 
14.7 
15 
13.9 
14.S 
15 
13 

7 
14 
14.5 

7.:; 
l  i.s 

14.5 

14.8 

6.5 


11 

8.8 

7.4 

9 

7 
13.8 
13.3 
15 


7.3  :  13.6 


0 

7  2 

8 

5 

2.6 

7 

4.0 

6 

4 


13.5 

12 

8 
13.9 
14.8 

7 

5.6 
14.1 
15 
14.5 


6 

P 

I  7  1.8 

2. 1 5 

280.6 

9.04 

289.9 

0.30 

180.  ± 

0.17± 

14.0 

IMS 

160.  ± 

30.     ± 

146.6 

24.81 

100.5 

10.64 

216.4 

7.95 

198.0 

27.69 

1  14.5 

4.47 

L85J 

r..7C. 

81.5 

11.(10 

302.4 

0.39 

35.8 

9.80  1 
22.86  \ 

S7.5 

281.0 

0.26 

188.7 

17.11 

125.7 

11.27 

178.1 

L13 

L84.3 

0.25 

268.9 

0.47 

185.  ± 

0.20  ± 

L98.5 

0.00 

237. 1 

0.86 

225.4 

0.72 

19.1 

0.70  ± 

41.4 

0.22 

285.5 

23.50 

L21.3 

7.66 

60.3 

27.58  ± 

96.3 

0.34 

208.6 

12.97 

104.8 

0.19 

230.5 

3.90 

310.9 

0.00 

L96.8 

0.20 

86.5 

35.16 

270.1 

5.65 

11.3 

0.19 

178.9 

0.30 

119.6 

6.04 

239.7 

10.74  ) 
17.27  , 

119.3 

Type  of  85  Pegasi 
Very  difficult 
Splendid 

Fine 

Difficult. 

Very  faint  comp. 

Difficult 
Companion  obscure 

Difficult 

Most  diff.,  comp.  obs 

Brilliant  system 

Fine 

Triple 

Fine  system 

Type  of  Aldebaran 

Difficult 

Diff.,  comp.  obscure 

Fine 

Magnificent 

Elegant 

Close  and  unequal 

Fine 

Important 

Fine 

Beautiful 

Difficult 
Difficult 
Fine 

Magnificent 
Nice  system 
Type  of  85  Pegasi 
Excessively  close 

Glorious  system 
Excessively  close 
Splendid 
Diff.  and  obscure 
Triple,  type  of 
A  Ulebaran 


238=86  Librae 

251  ==p  Scorpii 
258  =  1,  Normae 

209  =  45  Normae 


Double  star  Number, 

and  desig'n  in  U.A. 

Ai  =  U.A. 


•1  = 
--72  = 
273  = 
284  = 
292  = 
293 
311  = 
315  = 
810  = 
320  = 
321 
322 
334  = 
835  = 
338  C 
840  = 


A  Normae 
7. 1  Scorpii 
56  Scorpii 
so  Scorpii 
:f,  Scorpii 
:101  Scorpii 
111  Scorpii 
114  Scorpii 

29  Arae 

127  Scorpii 
131  Scorpii 
135  Scorpii 
A  Scorpii 
9  Scorpii 
=  ij  Scorpii 
67  Scorpii 


342  = 
346  = 
850  C 
351  = 
353  = 
300  = 
369  = 


Magnl 
tudes 


7.1 

6.6 
6.5 


7.1 
6 

18.7 
6.8 

11.1 

0.7. 

1  l 

0 

0.0 
7.s 
7.5 


14.9 
7.2 
S.l 
S.8 
7.8 
7.0 

14.0 

14 

14.1 


187.S 
110.1 

'.is.:; 

200.1 
249.6 

2i:;.  i 
7..H 

17.2.(1 
280.2 
1  7.-..r. 

94.4 
185.0 
270.  ± 
128.9 
203.4 
17s.;i 
204.(1 
L02.8 
1.3 
109.4 
821.5 

04.4 


o»9  = 

404  = 
412  = 
428  = 
431  = 
435  = 
48,7  = 

439  = 

440  = 
449  = 
454  = 
478  = 
478  = 
492  = 


1  70  Scorpii 
FF  Sagittarii 
=  8Sagittarii 
t  Sagittarii 
77.  Sagittarii 
99  Sagittarii 
o  Sa.gittarii 
217Sagitt. 
272  Sagitt. 
C.C 27770 
21  Microsc. 
59  ( lapric. 
40  Microsc. 
,;  Microsc. 
A  Capricorni 
£  Capricorni 
l02Capric. 
1 1 2  Capric. 
v  Grids 
Fomalhaut 


('..('. 

4.9 

3 

0 
5.6 
4.5 
7.4 
7.5 
0.8. 
7.5 
7.8. 
7.2 
4.1 
4.9 

4 

; 

6 
6 
1 


14.0  2(1(1.0 
14.7|103.2 

7.2  2S4.0 


10  Sculptor.   6.2 


14.6 
1  1.7, 
14.8 

6 
14.7 
14.5 

7.5 

9.5 
15 
15 
18.7 

8.2 
14.5 
12.2 
14.5 
12.S 
13.1 
1  1,2 
14.8 
:    8.1 


288.4 
276.4 

05.1 
265.  ± 
209.1 
236.7 
331.9 

05.3 

1(1.2 
187.7 
841.7 
2S0.7 
9.6 
1S7..7 

14.0 
197.0 
198.0 
114.2 

36.2 
205.1 


0.20  | 

0.2:;  > 
38. 1 1 

O.S4  | 
10.95  i 

0.20  » 
21.07  \ 

o.:;.-, 
0.8,0 
0.87, 

0.90 

0.28 

0.2   ± 

8.27, 

0.81 

0.7,9 

O.02 

0.01 

0.20 
41.78 

0.2  I 
38.40 
20.38  ) 
41.72  7 

0.42 
83.38 
25.78 
32.48 

0.18  ± 
12.52 
84.58 

0.10 

0.49 
25.  SO 

4.41 

2.63 

0.19 
44.07 
20.87 
21.59 

1.82 

5.17 
27.88, 
29.98 

0.38 


Triple,  South  678 


Triple,  line  li  4825 
Triple,  line 

Eleganl 

Splendid 

Close 

Fine 

Splendid 

Excessively  close 

Companion  obscure 

Very  fine 

Elegant 

Close 

Fine 

Excessively  close 

Magnificent 


Type  of  Aldebaran 

In  a  gr.  cluster,  fine 
Comp.  to  a  variable 


Fine,  close  system 
Exceedingly  diff. 

The  closest  of  all 

Close 

Blood  red 

Companion  obscure 

Difficult 

Fine 


Bright  star 

Type  of  85  Pegasi 

Difficult 

Bright  star 
Fine  system 


These  objects,  in  almost  every  case,  present  the  last  ex- 
treme of  difficulty,  and  can  be  seen  only  with  a  powerful 
telescope  in  a  good  atmosphere.  (See  the  writer's  papers 
on  Atmosphere,  Definition  of  Telescopes,  etc.,  in  A.N., 
ims.  8438.  8449,  8455.)  Though  I  have  examined  many 
objects  pronounced  very  difficult  by  Buknham  and  other 
modem  observers  who  have  used  powerful  telescopes,  1 
know  of  no  stars  more  difficult  than  11  Ceti,  a  Phoenicia, 
79  Eridani,  17.8  Oanis  Majoris,  00  Carinae,  A  Velorum, 
3 Antliae,  241  Centauri,  ^Centauri,   [QCircini,    VIA. Scorpii, 


0Srorj.il.  217  Sagittarii,  Ai412,  21  Microscopii,  and 
102  Capricorni.  Indeed,  1  believe  some  of  these  new  stats 
to  be  the  most  difficult  objects  which«have  ever  been  dis- 
covered; their  investigation  hereafter  will  require  excep- 
tionally favorable  conditions. 

While  the  above  pairs  are  striking  for  their  brilliancy 
and  in  this  regard  rank  among  the  most  important  of 
known  stellar  systems,  there  is  another  class  of  systems 
which  will  be  found  quite  numerous  iu  this  Catalogue ; 
namely,  those  stars  which  are  quite  close,  some  being  also 
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conspicuous  naked-eye  star-.  As  respects  distances  tin- 
stars  of  the  Catalogue  are  found  to  be  distributed  as  Eol- 
lows  :  — 


I.     Below       0.25 


:;i 


...  ) 

2.     Between    0.25    and      0.50,  15    Below  1".00,     122 

.:.     Between    0.50    and      L00,  16  ^ 

I.     Between    1.00    and      2.00,  10 

5.  Between    2.00    and      5.00,  86 

6.  Between  5.00  and  10.00,  94 
-,_  Between  10.00  and  25.00,  129 
s.     Bright  stars  separated 

by  more  than  25.00,  29 

Such  of  these  systems  as  are  below  0".5  will  deserve 
annual  attention  from  observers  having  telescopes  suf- 
ficiently powerful  to  divide  them,  bui  at  present  this  power 
is  possessed  by  not  more  than  two  telescopes  in  the  south- 
ern hemisphere.  Some  of  these  objects  which  are  below 
IP"..'!  will  be  irresolvable  in  all  other  existing  telescopes. 
and  on  that  account  I  hope  to  examine  them  from  time  to 
time  in  the  course  of  our  survey.  The  61-cm.  refractor 
ought  theoretically  to  divide  equal  stars  separated  h\  0".19, 
and  we  have  found  by  experience  that,  under  the  besl  at- 
mospheric conditions,  this  theoretical  limit  is  realized  to 
ction,  thetelescope  having  on  several  occasions  clearly 
divided  stars  separated  by  only  0".20.  In  the  case  of  closer 
objects,  when  the  division  was  not  complete,  the  elongation 
and  parallel  fringes  were  so  plain  as  to  leave  no  doubt 
whatever  as  to  the  reality  of  the  phenomena.  We  have 
elsewhere  emphasized  the  importance  of  a  steady  atmos- 
phere; it  will  be  sufficient  in  this  place  to  remark  that,  so 
tar  as  we  have  been  able  to  ascertain  by  numerous  com- 
parisons, the  seeing  at  Flagstaff  is  not  surpassed  if  indeed 
it  is  equalled,  in  the  northern  terrestrial  hemisphere.  If 
we  add.  to  the  excellent  atmospheric  conditions  here  alluded 
to.  the  superb  performance  of  the  great  telescope,  the  diffi- 
cult objects  presented  in  this  Catalogue  will  occasion  no 
surprise  ;  for  this  instrument  and  this  transparent  and 
steady  atmosphere  we  do  not  consider  an  object  difficult 
unless  it  is  below0".3  oris  fainter  than  the  14th  magnitude 
for  fairly  wide  objects. 

Closi  Doubh  St,i,-s.  Much  lias  been  said  of  late 
years  of  the  importance  of  close  double  stars  as  compared 
with  wider  and  easier  objects.  We  may  add  that,  in  case 
the  star  is  not  so  close  that  its  orbit  can  never  be  accurately 
determined,  the  claims  which  bavebeen  made  are  just;  but 
if  the  object  can  never  fie  seen  except  in  the  greatest  tele- 
-  and  even  then  the  measured  distances  arc  uncertain 
by  half  the  whole  amount— the  motion  will  after  all  be  very 
imperfectly  known;  and  the  orbits  of  wider  stars  where 
the  percentage  of  error  is  less  will  be  more  exact  and  pos- 
sess a  higher  interest,  even  if  the  time  required  lor  a 
revolution  is  longer.     Fi  c   il  musl    !»•  borne  in  mind  that 


the  eccentricity  is  the  element  of  highest  interest,  not  the 
period  as  man}  have  heretofore  assumed.  And  unless  the 
distance  is  really  measurable,  the  eccentricity,  the  inclina- 
tion, the  node,  and  in  tact  all  the  elements,  arc  highly  un- 
certain. And,  since  great  accuracy  is  ultimately  desirable, 
it  is  apparent  that  men'  periods  of  revolution  are  not  suf- 
ficient :  to  make  real  progress  in  stellar  astronomy  we  must 
ha\  c  other  data  which  will  throw  light,  upon  the  forces  ami 
causes  at  work  in  these  remote  regions  of  space  and  thus 
give  the  science  a. physical  basis. 

(vn).     Scope  of  Stellar   Astronomy.     It    is   but,    natural 
that   different    minds   should  take   different  views  of   the 

purposes  of  scientific  research.  To  some  w  ho  regard  chiefly 
the   demands  of   this    generation,  it    will    appear   that   only 

such  stars  should  he  investigated  as  are  likely  to  revolve 
rapidly,  while  to  others  who  look  upon  science  in  the  light 
of  history,  as  the  cumulative  work  of  successive  ages,  it 
will  appear  proper  to  measure  all  objects  likely  to  be  of 
interest  either  now,  or  within  the  next  thousand  years.  I  n 
view  of  our  still  very  limited  knowledge  of  the  sidereal 
heavens,  1  am  not  unwilling  to  avow  my  belief  in  the  im- 
portance of  preserving  a  wide  limit  to  our  catalogui 
The  course  of  time  is  likely  to  bring  to  light,  as  has  indeed 
already  happened,  systems  which  are  interesting  because 
of  their  very  rapid  motion,  and  others  which  are  philo- 
sophically important  because  of  their  slow  motion  and  the 
circumstances  from  which  this  arises.  To  exclude  from 
our  catalogues  and  our  attention  all  but  one  class  of  objects 
—  viz.  those  found  to  revolve  within  a  few  years  —  would 
be  in  the  highest  degree  unphilosophical.  For  example,  if 
an  astronomer  were  now  to  observe  for  the  first  time  the 
brilliant  and  coarse-looking  a  Centauri,  he  could  hardly 
suppose  it  to  be  a  real  double  star;  and  if  rough  measures 
were  repeated  ten  years  later,  there  would  be  little  evidence 
of  revolution  (because  the  companion  is  now  in  apastron, 
and  moving  slowly).  In  like  manner  the  faint  and  obscure 
binary  /<.'  Herculis  would  never  be  picked  out  from  its  ap- 
pearance as  an  interesting  system ;  yetthe  fact  that  such  an 
unpromising  object  is  revolving  in  a  period  of  only  forty-five 
years,  and  separated  most  of  the  time  by  one  second  of  arc. 
shows  that  peculiar  and  remarkable  systems  may  be  assumed 
to  exist  in  the  heavens.  On  the  other  hand,  some  (dose  ob- 
jects as  ^115,  21165,  21867,  22215;  &3900,  h  nil. 
&4409,  7i4715;  ffaw.152;  02171,  02392,  02435, 
02482;  /S679,  /3619,  #628;  A.G.G.10,  etQy  show  no 
more  relative  motion  than  do  wide  objects  like  the  com- 
panion of  Aldebaran;  and  there  would  be  as  much  ground 
for  rejecting  one  class  of  these  systems  as  the  other.  In 
our  present  limited  knowledge  of  the  true  phenomena  of 

nature,   it    seems    best    that  all    systems    should    be    measured 

which   give  promise  of  binary  character  or  even  physical 

connection,  such    as  is  implied    in    com n    proper  motion. 

Accordinglv,    while    I    have  given  particular  attention   to 
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bright  close  systems,  I  have  not  thought  it  proper  in  view 
of  these  considerations,  to  neglect  faint  distant  companions 
to  bright  stars,  or  faint  close  systems  of  even  the  10th  or 
11t.li  magnitude.  Since  the  stellar  systems  within  75°  of 
the  south  pole — a  portion  of  the  celestial  sphere  repre- 
senting three-eighths  of  the  visible  universe  —  have  never 
been  systematically  measured  like  those  in  the  northern 
heavens,  the  propriety  of  such  a  regular  survej  de  novo  is 
the  more  apparent,  and  the  need  the  more  urgent.  Some 
of  the  new  stars  given  in  this  Catalogue  are  likely  to  have 
extremely  rapid  motion,  and  it  is  not  improbable  that  the 
observations  of  a  dozen  years  will  furnish  material  for  the 
approximate  definition  of  their  orbits.  It  is  certain  that 
they  will  possess  a  high  interest  at  some  time  in  the  future  ; 
and  hence  I  have  been  .solicitous  to  measure  every  object 
found  to  be  double  on  at  least  one  night,  so  that  the  posi- 
tion now  assigned  to  the  companion  might  then  be  relied 
upon  with  confidence.  For  it  is  much  more  important  to 
measure  double  stars  than  merely  to  discover  them  ;  and 
an  excuse  can  lie  had  for  finding  and  reporting  that  certain 
stars  are  double,  without  measuring  them,  provided  only 
that  the  observer  is  unable  to  secure  measures  of  the  sys- 
tems he  discovers.  In  this  connection  I  have  no  hesitation  in 
indorsing  unreservedly  the  remarks  of  the  late  Dr.  Gould  :  — 
••That  a  star  is  or  is  not  double  is  no  more  interesting  to 
me  than  that  a  mule  has  a  white  spot  on  his  right  or  left 
fore  leg.  Yet  there  are  people  who  spend  all  their  energies 
in  rinding  out  whether  a  star  is  or  is  not  double ;  just  as 
there  are  others  whose  ambition  is  directed  to  determining 
whether  a  star  is  or  is  not  variable  —  without  the  observa- 
tion in  either  case,  of  facts  which  can  be  made  the  basis  of 
scientific  investigation.  Such  so-called  discoveries  remind 
me  of  the  boasts  of  some  college  professors,  as  to  the  power 
and  excellence  of  the  telescopes  and  apparatus  which  they 
never  use."     (Letter  above  cited.) 

Nevertheless,  I  think  it  proper  to  add  that  the  discovery 
of  systems  is  important  provided  it  leads  to  their  measure- 
ment by  other  astronomers  with  better  equipment.  But 
unless  such  discoveries  shall  lead  to  measurement,  they  can 
have  little  claim  to  the  notice  of  men  of  science.  The  im- 
portance of  the  discovery  of  a  star  has  sometimes  been 
over-rated  in  comparison  with  its  measurement.  In  this 
connection  we  beg  to  add  that  not  one  of  the  stars  given  in 
tlte  present  Catalogue  or  in  the  Catalogue  of  known  stars 
which  have  been  measured  has  been  observed  because  of 
the  work  of  previous  observers  ;  every  object  of  whatever 
description  has  been  swept  up  by  us  in  the  course  of  our 
regular  search  for  new  systems  and  in  the  measurement  of 
those  already  known.  When  our  results  were  accumulated 
and  reduced  it  was  found  that  certain  stars  had  been  pre- 
viously noted  by  other  southern  observers,  and  that  others 
were  new.  The  most  difficult,  objects  were  of  course  almost 
invariably  our  own  discoveries. 


(viii).  Region  Swept  Over.  The  region  of  the  heavens 
swept  over    in  the  course  of  the  work  embodied   in   this 

Catalogue  includes  t, he  entire  zone  between  —20°  and  —45° 
(though  some  parts  have  not  yet  been  studied  with  extreme 
thoroughness).  The  more  southern  region,  swept  over  in 
.Mexico,  lies  between  —45°  and  —(35°,  and  the  hours  of 
right-ascension  1  and  1C>.  It  may  be  stated  that  probablj 
no  stars  brighter  than  the  eighth  magnitude  have  been 
overlooked,  and  all  bright  stars  have  been  repeatedly  ex- 
amined. While  it,  was  and  is  OUT  purpose  to  include  a 
systematic  examination  of  objects  brighter  than  the  loth 
magnitude,  heretofore  only  an  inconsiderable  number  of 
systems  near  the  limit  of  brightness  have  been  discovered 
and  measured.  ///  the  course  of  this  work  ii  is  certain  that 
we  have  examined  carefully  not  less  than  one  hundred  thou- 
sand stars,  and  inn  in/  of  them  doubtless  on  several  occasions. 
It  was  my  original  intention  to  measure  each  of  the  sys- 
tems discovered  on  three  separate  nights;  but  as  this 
met  hod  of  work  was  not  found  to  be  practicable,  I  finally 
settled  upon  the  plan  of  measuring  each  system  twice  on 
the  same  night  and  not  recurring  to  it  (except  in  cases  of 
special  interest)  unless  the  star  was  again  picked  up  as  a 
new  object.  The  two  observations  secured  on  the  same  night 
are  made  in  a  manner  as  independent  as  possible,  yet  they 
may  not  be  strictly  comparable  to  measures  made  on  sepa- 
rate nights.  After  our  survey  of  a  definite  region  has  been 
completed,  so  that  a  working  catalogue  can  be  formed,  we 
hope  to  secure  additional  measures  of  those  objects  deserv- 
ing special  attention. 

(ix).  Arrangement  of  Catalogue.  The  work  now  pre- 
sented is  arranged  in  two  parts  : 

i.     The  Catalogue  of  New  Stars. 

ii.  The  Catalogue  of  Stars  Recognized  by  Pbevious 
Observers,  which  has  been  communicated  to  the  Astro- 
nomische  Nachrichten. 

With  a  view  of  enabling  us  to  recognize  the  new  stars 
from  the  whole  of  the  systems  measured,  we  have  formed 
a  manuscript  catalogue  of  every  known  double  star  within 
7o°  of  the  south  pole.  The  stars  included  in  this  general 
Catalogue  represent  the  work  of  Herschel  at  the  Cape  of 
Good  Hope,  and  the  lists  of  wide  objects  previously  pub- 
lished by  Dunlop  and  Rumkek,  and  included  in  the  Cata- 
logue of  Brisbane;  the  double  stars  discovered  at  Sydney, 
the  stars  discovered  or  measured  by  Jacob  and  Powell  in 
India,  by  Stone,  Burnham,  and  other  American  observers; 
those  objects  noted  as  double  by  the  meridian  observers  in 
Australia,  at  the  Cape,  Santiago,  and  by  Gould  atCordoba  ; 
and  the  more  recent  discoveries  of  Sellors,  Innes  and  the 
Harvard  observers  (at  Arequipa).  I  acknowledge  my  per- 
sonal obligations  to  Professor  E.  C.  Pickering  for  a  tran- 
script of  the  unpublished  work  of  the  Harvard  observers 
in  Peru;  to  Air.  Russell,  Mr.  Sellors,  Dr.  Gill  and   Mr. 
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[nnes,  for  complete  data  of  their  published  and  unpub- 
lished observations. 

It  is  important  that  a  catalogue  of  double  stars  should 
be  numbered  continuously  in  order  of  right-ascension  and 
thai  a  uniform  designation  should  be  employed  throughout. 
\s  Mr.  < 'm.Mi  m.i.  lias  taken  part  in  the  observations  and 
lias  added  a  considerable  number  of  stars  to  the  list,  and 
we  both  desire  from  reasons  of  simplicity  to  include  all 
our  stars  in  one  catalogue,  we  adopt  the  symbol  A  to  denote 
••  Stars  discovered  at  tin'  Lowell  Observatory."  Those  dis- 
ed  by  him  arc  indicated  in  each  case  by  the  initial  C. ; 

-i  have  been  discovered  by  me.  As  our  plan  contem- 
plates the  publication  of  subsequent  catalogues,  we  affix 
to  the  letter  A  in  the  first  catalogue  the  subscript  1,  in  order 
that  if  it  should  ultimately  be  found  desirable  to  at 
all  the  stars  in  one  catalogue  in  order  of  right-ascension  it 
would  be  possible  to  do  this  under  the  simple  symbol  A. 
We  have  referred  all  the  star-places  to  the  equator  and 
mean  equinox  of  1900.0.  So  far  as  possible  the  Cordoba 
Catalogues  have  Keen  made  the  basis  of  all  our  positions. 
and  the  precessions  have  been  computed  rigorously  from 
the  e\  convenient  tables  given  by  Gould  in  the 

Zone-Catalogues.  The  places  of  those  stars  which  occur 
in  the  Cordoba  or  other  catalogues  are  therefore  rigorously 
exact  :  and  such  stars  as  do  not  occur  m  the  catalogues 
have  been  referred  wherever  possible  to  catalogue-stars, 
hut  in  a  few  cases  only  approximate  places  arc  given.  It 
is  my  purpose  to  determine  these  places  rigorously  on  some 
occasion.  In  this  connection  we  take  occasion  to 
remark  on  the  desirability  of  double-star  catalogues  being 
referred  to  a  common  epoch,  to  avoid  confusion  in  the  order 
of  the  numbers  of  the  catalogue.  Defects  of  the  kind  in- 
dicated exist  in  numerous  published  catalogues  of  double 
stars  and  are  the  occasion  of  no  small  perplexity  in  dealing 
with  the  works  of  several  observers.  There  is  no  reason 
why  the  places  of  double  stars  should  be  more  carelessh 

ed  than  the  places  of  single  stars  in  the  ordinary 
star-catalogues,  and  then'  will  be  little  excuse  for  a  continua- 
tion of  the  inaccurate  work  which  has  heretofore  tarnished 
the  luster  of  this  branch  of  astronomy. 

I  x  |.  Centers  of  Gravity  of  Stellar  Systems.  In  connec- 
tion with  these  remarks  on  the  places  of  the  fixed  stars, 
it  is  not  inappropriate  to  point  out  the  desirability  of 
determining  the  position  of  one  or  both  of  the  components 
stellar  system  with  respect  to  some  neighboring  star, 
in  oriler  that,  when  tin-orbital  motion  of   the   System    shall 

ip,  these  determinations  may  furnish  material  for  the 
investigation  cf  the  center  of  gravity  by  more  accurate 
methods   than  heretofore   have   been    in    ase  (Researches  011 

wlution  of  the  Stellar  Systems,  vol.  i,  p.  253).  Such 
determinations  of  the  relative  masses  in  stellar  systems 
will  eventually  become  one  of  the  most  important  problems 
of  stellar  astronomy,  and  measures  made  at  an  early  date 


will  then  pOSSeSS  the  highest  \alne.  We  present  ill  this 
Catalogue  some  measures  of  the  kind   here  indicated.      This 

subject  will  receive  more  careful  attention  in  the  subsequent 
progress  of  the  survey,  and  I  trust  that  it  will  also  be 
undertaken  by  some  observer  in  the  northern  hemisphere. 

The  necessity  of  this  work  IS  especially  pressing  in  the 
Case  of   stars  known  to  be  in  orbital  motion. 

\ii.  Colors  of  the  Stars.  \Y\i.  Strove,  in  his  great 
systematic  survey  which  forms  t  he  basis  of  -tellar  ast  roiionn 
in  the  northern  hemisphere,  carefully  noted  the  colors  of 
the   components   in   even,    system;    yet    in    spit.'  of   this 

philosophic  initiative.  b\    a  strange  and  almost   unaecoiilita 

ble  retrogradation,  these  interesting  phenomena  have  since 

been  largely  neglected  b\  other  observers.  The  desirability 
of  careful  records  of  the  colors  of  southern  double  stars,  ill 
which  few  now  exist,  is  not  to  be  doubted;  and  accordingly 
I  have  from  the  beginning  recorded  in  everj  observation 
the  colors  of  the  components.  Considering  the  very  excel- 
lent performance  of  the  great  telescope  and  the  consider- 
able attention  which  I  have  given  to  this  subject,  it  seems 
reasonable  to  assume  that  our  records  will  be  subject  to  no 
appreciable  bias.  In  these  observations  it  is  not  desirable 
that  recourse  should  be  had  to  fanciful  names,  which  have 
discredited  the  work  of  some  previous  observers,  but  that 
the  observer  should  note  carefully  the  dominant  tints  of 
the  stars  in  language  which  is  easily  understood  by  subse- 
quent observers.  After  some  deliberation  I  have  adopted 
the  following  terminology  as  best  describing  the  tints  of 
the  spectrum  : 


1. 

Red 

8. 

White 

2. 

Reddish 

9. 

Greenish  3  ellow 

3. 

( irange  red 

10. 

Bluish  yellow 

4. 

i  »i  ange 

11. 

Blue 

~>. 

t  Irange  yellow 

11'. 

Bluish  purple 

(J. 

Yellow 

13. 

Purple 

7. 

Yellowish 

1  1. 

Ultra  violet  or  dingy 

The  colors  which  most   frequently  occur  in  the  principal 

stars  arc  yellow,  orange  and  reddish;  in  the  case  of  the 
companion,  bluish  yellow,  blue,  bluish  purple  or  purple. 
Between  orange  and  yellow  the  gradation  in  different  case- 
will  be  very  gradual.  On  the  Other  hand  there  is  no  sharp 
division  between  bluish  and  bluish  yellow,  or  between 
bluish  purple  and  purple,  yet  the  names  appear  to  be  suf- 
ficiently definite  to  enable  a  subsequent  observer  to  detei  I 
any  important  change  that  might  take  place. 

1  xii).  Magnitudes.  The  magnitudes  assigned  to  the 
components  in  the  course  of  this  work  are  the  result  of 
estimates  made  with  each  observation.  I  have  assumed 
that  the  great  telescope  under  the  liest  atmospheric  con- 
ditions would  show  with  fair  distinctness  a  star  of  the  15th 
magnitude,  and  therefore  the  magnitudes  adduced  upon 
this  basis  will  probably  be  found  in  accord    with  the  stand- 
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ard  now  generally  adopted  bj  astronomers.     The  extreme 

dryness  (if  the  air  at  Flagstaff  and  at  Mexico  combined 
with  the  great  elevation  of  these  stations  above  the  sea 
(2210  and  2320  tres  respectively)  yields  a  great  advan- 
tage in  observing  stars  near  the  horizon;  and  accordingly 
in  most  ol'  our  observations  the  images  were  satisfactory 
and  the  colors  were  recognized  with  certainty.  The  at- 
mospheric spectra  of  objects  within  ten  degrees  of  the  horizon 
are  relatively  inconsiderable,  and  certainly  not  more  than 
one-third  or  one-fourth  as  conspicuous  as  the  same  phe- 
nomena would  be  in  moist  countries  near  the  level  of  the 
sea.  On  this  account  the  estimates  of  the  colors  and  mag- 
nitudes, as  well  as  the  micrometrie  measures,  will  possess  a 
degree  of  accuracy  which  observers  at  low  altitudes  would 
hardly  anticipate. 

(xm).  Observing  Stations.  At  Flagstaff  the  site  of  the 
Observatory  is  Mars'  Hill,  130  metres  above  the  town  and 
one  and  one-half  kilometres  due  west;  the  Hill  is  covered 
with  pine  forest  for  more  than  a  kilometre  in  all  directions 
and  is  entirely  uninhabited,  and  the  at  mo  spheric  conditions 
have  proved  to  be  most  excellent.  The  approximate  geo- 
graphical coordinates  are  :  — 

<£  =  .">r>°  11'     .     X  =  71'  l'<>"'  ."><>%  west  from  Greenwich 

At  Mexico  the  station  was  in  the  western  part  of  Tacu- 
baya  (a  southwestern  suburb.  9  kilometres  from  the  city  of 
Mexico) ;  the  site  was  in  an  open  field,  50  metres  above  the 
town  of  Tacubaya,  and  one  kilometre  south  by  east  of  the 
Mexican  National  Observatory.  Though  the  atmospheric 
conditions  there  were  quite  favorable,  they  did  not  on  the 
whole  seem  to  be  so  good  as  those  in  the  very  exceptional 
climate  of  Arizona.  The  work  began  at  Flagstaff  Aug.  1, 
1896;  on  Nov.  9,  the  lenses  were  removed  and  the  tele- 
scope taken  down  preparatory  to  shipment  to  Mexico ;  the 
lenses  were  remounted  there  Dee.  28,  though  the  weather 
did  not  permit  observations  of  value  till  Jan.  4,  1897.  The 
lenses  were  again  removed  March  l".l  and  remounted  at 
Flagstaff  May  14. 

(xrv).  Cause  of  Bad  Seeing.  The  recent  investigations 
of  Mr.  Douglass  and  the  writer  on  atmospheric  currents 
{A.N.  3455),  have  at  last  disclosed  the  cause  of  bad  seeing, 
or  the  deterioration  of  the  images  of  a  star  when  the  sky 
is  clear  and  the  telescope  itself  is  practically  perfect.  This 
singular  cause  has  been  found  in  the  elements  of  the  stream 
lines  which  make  up  the  larger  atmospheric  currents  ;  each 
of  these  small  elements  rarities  or  condenses  the  rays  enter- 
ing the  objective  of  the  telescope,  and  the  result  is  that 
the  lens  is  illuminated  in  patches  of  varying  intensity7. 
Each  portion  of  the  surface  of  the  lens  so  illuminated  will 
produce  a  partial  image  in  the  focal  plane;  but  as  the  in- 
cident rays  are  not  parallel,  the  partial  images  are  not  per- 
fectly superposed  into  one  composite  image.  The  stream 
elements  being  in  motion  there  is  necessarily  a  shifting  of 
Lowell  Observatory.  Mars'  Hill,  Flagstaff,  Arizona,  1S9S  Jan. 


the  positions  of  the  partial  images  in  the  focal  plane  cor 
responding  to  the  opposite  motion  of  the  current;  the  rate 
of  motion  of  the  partial  images  will  depend  on  the  velocity 
of  the  current,  while  their  prominence  will  depend  on  the 
character  of  the  elements  which  make  up  the  current. 
Should  the  partial  images  be  intense  and  in  very  rapid 
motion,  they  may  produce  on  the  retina  the  impression  of  a 
continuous  elongation  of  the  star  in  the  direction  of  the 
moving  current.  This  deceptive  elongation  due  to  atmos- 
pheric causes  accounts  for  the  occasional  entry  of  single 
stars  in  catalogues  of  double  stars. 

As  a  general  rule  I  have  found  that  the  smaller  the  ele- 
ments in  which  the  lens  is  divided,  and  the  more  rapid  the 
currents,  the  worse  the  blurring;  while  the  larger  the  ele- 
ments the  greater  the  bodily  motion  of  the  image. 

(xv).  Magnifying  Power.  Throughout  the  observations 
we  have  uniformly  employed  a  magnifying  power  of  500, 
in  detecting  companions  and  elongations  of  stars;  but,  in 
the  case  of  very  close  objects,  powers  of  750,  L000,  and 
1500  have  been  used.  It  is  unnecessary  to  add  that  hun- 
dreds of  suspects  have  been  examined  and  re-examined,  and, 
unless  the  evidence  of  duplicity  was  regarded  as  conclusive, 
have  been  finally  rejected,  Realizing  the  essential  ab- 
sence of  powerful  telescopes  in  the  southern  hemisphere, 
and  therefore  what  time  may  elapse  before  other  observers 
will  be  able  to  confirm  or  extend  our  work,  we  have  been 
the  more  solicitous  not  to  include  in  the  Catalogue  anj  ob- 
ject of  whose  duplicity  there  remained  in  our  minds  the 
least  doubt.  Notwithstanding  every  care,  it  is  not  impossi- 
ble that  a  very  small  number  of  the  objects  may  prove  to 
be  deceptions,  as  has  invariably  happened  with  all  previous 
observers  of  double  stars. 

(xvi).  Acknowledgements.  My  warmest  thanks  are  due 
to  my  assistants,  Mr.  W.  A.  Cogshall,  B.Sc,  and  Mr.  S.  L. 
Boothroyd,  B.Sc,  who  have  throughout  the  work  main- 
tained the  most  unflagging  zeal  and  interest  in  securing  tin- 
best  results,  and  who  have  added  no  inconsiderable  contribu- 
tions to  the  sum  of  our  labors.  They  have  assisted  in  all 
the  observations  ami  reductions  and  in  the  work  of  identifi- 
cation; also  in  the  extensive  undertaking  of  preparing  the 
manuscript  catalogue  of  all  double  stars  within  75°  of  the 
south  pole.  Their  work  has  been  done  with  care  and  ac- 
curacy, and  in  the  case  of  difficult  objects  they  have  a!\\  a\ 
given  me  the  result  of  their  judgement.  Mr.  Cogsiiam.'s 
discoveries  and  micrometrie  work  need  no  commendation. 

To  Mr.  Lowell  I  desire  to  express  my  warmest  thanks 
for  every  possible  courtesy  and  a  constant  sympathy  and  un- 
failing interest  in  all  our  efforts.  His  firm  grasp  of  astro- 
nomical problems  and  his  broad  and  noble  views  of  science, 
combined  with  an  enlightened  appreciation  of  our  results, 
have  contributed  no  small  part  to  whatever  may  be  found 
of  value  in  the  present  Catalogue. 
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FIRST   CATALOGUE   OF 

NEW    DOUBLE    AM)    MULTIPLft    STARS    IX    TIN-:    SOUTHERN    HEMISPHERE 

DISCOVERED    AT   THE    LOWELL  OBSERVATORY. 


A,  1    C. 

I  ord.  Z.C.  2S''1680 

0   0    51M     :    8  =  -  8<     53' 

8.5,  yellow     ;     12,  bl.  yellow 


L896.799  320.4 

.799  325.7 

,s.-,I  324.0 

.851  :;2:;.;i 


Po 

l.l'.i 


c. 


L896.834 


324.5 


1.46     s, 

5.06 

5.03 

4.85 


a,  2  =  <;  n  Ceti*. 

Cord.  G.C.  27. 

a  =  0*  -""   HI.-.'      ;      g  =—2:5°  8'  -Ml'.s 

.">.7.  yellow  12.3,  purple 

1897.736         174.3  2.19 

.736         174.3  2.12 


1897.736         174.3  2.15 

Very  difficult  system,  resembling99  ITercuKs. 

*Th<  i  onstellation  numbers  and  letters  of 
the  bright  stars  in  this  catalogue  are  uniformly 
I  kit  ld's  Vranomt  tria  Argentina, 
and  no  others  are  admitted. 


Cord.  G.C.  63 

a  =  n     I      n;  .1      :     8  =      34°  20'  26".9 
8.2,  yellow     :     10,  purple 
1896.703         191.7  1.03 

.:::i         is.-,. 1 1  1.12 

.7.".l         isr,. 7  1.29 


1  n'.m,  7L'L'         L87.8 
Mosl  interesting  system. 


1.15 


A,  4. 
i  ord.  DM.  28  98 
u  =  (V   li,'  36  .1      :     «  =-      28°  -IT'  :.::;".() 
8.5,  yellow     :    12.2,  bluish 
1896.753         249.]  3.03 

.771'         248.6  :;.i^:; 

.771/         251.2  3.27 


A,  (>  =  a  Phoenieis. 

('on I.  <..c.  :',;,:, 
o  =  0''  21'"  I'll. ii      :     6     -       II"  50'  17". -4 
2.2,  deep  orange     ;     14. 1.  purple 


is:  ic.  7 


::.-..  ± 


L896.766         249.6  3.18 

Important  physical  system. 

A,  •-.. 
Cord.  Z.C.  ii  :.1T 
a  =  0h20<     12.7     :     8  =      35°  22'  56".!> 
■  -    yellow     ;     12.5,  bluisb 
1896.733  70.8  3.78 

.7:;:;  73.0  3.95 

.777.  76.6  3.78 


L896.747  73.5 

Delicate  system. 


3.84 


8.  ±  suspected 

1897.028        287.8  9.68(») 

.030         275.5  9.57 

■736         278.6  7.88(8)est.9</.  ± 


L897.265        280.6  9.04 

(MVerj  difficult,  bul  certainly  real;  seen  for 
some  moments  continuously,  Former  bus 
picion  al  Flagstaff  confirmed. 

(-'H-'airh  distinct  at  mentsofbest  seeing. 

Splendid  system  of  great  interest,  but  very 
difficult  on  account  of  the  falntness  of  the 
companion.  \  suitable  object  for  testing 
steadiness  of  al sphere  and  power  of  tele- 
scopes. 

A,  7. 
Cord.  G.C.  394 
a  =  0''  I':'.'"  42«.6     :     8  =  —33'  19'  7".n 
8.2,  yellow     :     12  bluish 

1896.703        199.8  9.05 

.755         199.7  8.50 

.791         201.5  0.14 


1896 

750 

200.3 

K 
O.A 

8. 
236 

8.00 

a  = 

in  2E 

"' ::!-.!      ; 

8  = 

—  19°  10'  22 

.0 

7.9, 

yellow     : 

10.8 

bl.  yellow 

1897. 

753 

in;. 7 

6.82 

753 

116.4 

6.91 

1897.753 


116.5 


6.86 


A,  9. 
Cord.  DM.  31  300 


=  0' 


14m23'.8  : 
,8,  yellow  : 
249.4 
245.1 
244.4 


1896.753 
,788 
.788 

1896.777         246.3 
Difficult  and  interesting  system 


8  =—81°  10' 
13.7,  bluish 

3.97 

3.72 

;;.'.i  i 

:;.,s.s 


a  =  01'  5 


1897.627 
.627 


A,   10. 
Cord.  DM.  22  358 
57m32».8     ;    8  = —22°  8' 36".  1 
8,  yellow     ;     10.8,  purple 
322.5  5.02 

323.4  4.86 


A,    II. 

Cord.  Z.C.  I1:;:::: 

a  =  1''  13"'  56\6     :     8  =    -27    2'  6".2 

8,  yellow      :    B.8,  yellow 


Po 


1896.829  313.1  1.92 

,843  316.1  1.89 

■843  318.3  L.83 

L896.839  315.8  l.ss 


J897.736 
.736 


31  I.I 
313.2 


2.21 
1.94 


1897.736 


313.8 


2.07 


1897.627 


323.0 


1.04 


A,  12. 
Cord.  G.C.  1242 
a  =  l1'  14™42'.6     :    8  =  -  25    28'  21  .6 
8,  yellow      :     8,  yellow 
1897.737         205.±       0.15± 

Excessively  close  system:  clearly  and  dis- 
tinctly elongated,  but  no  trace  of  separation, 
Excellent  and  careful  estimates. 

A,  13. 

Cord.  G.C.  1285 

a  =  l1'  Hi"1  .V.i  .2      ;     8  =  —24°  39'  10".4 

8,  yellow     ;    8.5,  yellow 

L897.627         305.3  0.21  est.0".25 

.627         306.7  0.27 

1897.627         306.0  n..l 

Fine  close  system,  not  quite  separated  with 
power  nf  750. 

\,  14  =  G  157  Ceti. 
Cord.  G.C.  142! 

a  =  I'1  24'"  (s-,2      :  8  =     -22     8'  48".5 

6,  yellow     :  12. 8,  bluish 

L897.753        250.1  22.  .-><; 

.753         249.2  22.23 


1897.753 


149.6 


22.39 


A,  L5. 

Cord.  G.C.  1639 
a  =  I1'  36m  25  .1     :     8  =  —22°  13'  S0*.2 
8.1,  yellow     :    9.7,  bl.  yellow 
1897.736        311.3  2.83 

.736         311.0  2.65 


L897.736        311.1 


2.74 


Noa  131-432 
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N°<  431   432 


a  35. 

Cord.  Z.C.  i  172 

u  =  4''  i:,"  27».2     ;    S  =  —81    19' :. ".  I 


8.2,  yellow 


1897.829 
.829 

1897  829 


126.4 
L26.5 

IL'li.  I 


I  l  3,  purpl( 

2.55 
2.28 

i\  1 1 


[nteresting  and  difficult  system. 

A,  36. 

s.l  i.  19  885 

a  =  41'  HI"'  2-V.o     ;     8  =       19   34    22  A 

6.8,  orange     ;     18.7,  purple 

1897.750         346.9  7. si 

.7.")ii         347.0  8.03 

L897.750         347.0  7.92 


K 

17 

Cord.  G.(  . 

5072 

u  = 

:  41'  28' 

1  49,.8      : 

0 

25 

n 

n 

7."'. 

ellow     : 

1 

pui*ple 

1897. 

760 
760 

7  (in 

21.4 
21.0 

L1.84 
L2  06 

1 1 .95 

1897. 

21.2 

1897 
1897 


a,  38 
Cord.  /..(  .  4*1080 

t    :'..:■"  9».9     ;    S=      29   29'  t8'.5 
7.1,  yellow      ;     1 1.3,  purple 

.835         232.2  6.47 

.835        233.2  6^59 

.835         232.7  6.53 


Anon,  near  '  >.  A.  3392 
a  =  4''  43'"  22'.  7     :     8  =      20   59'  20  .0 
ltl.2.  1.1.  yellow      :     11.2,  1.1    yellow 
1897.750         280.1  2.64 

.750         279.6  2.60 


1897.750         279.8 


2.62 


A,  40. 
I  ord.  G.C.  5490 
a  =  4''  4.-.'"  59».6     :     8  =      50   3'  29".0 
A  B 
How  B.6,  yellow 

1897.099         283.7  0.41 

.099         285.9  0.46 

1897.099         1'sl.s  (i.i;; 

■  ited  at  ments.     ( '.  12.8,  purplish. 

^?,  C  =  Cord.  dpi. 

L897.019        255.6         [4.78] 
.099         257.5  5.69 

099        258.3  5.91 


L897.073         257.1  5.80 

<  !ordoba  places  give: 
1878.97  259.0  1.71         3n. 

An  important  triple. 


A,   11. 

Cord.  '•.<  .  5548 

u  =  4''  48™  ic-.ii     :     g           30    19   38  .0 

7. .i.  yellow     :     18.9,  bl.  purple 

t              ■     0„                 p„ 

L897.829         L22.5          9.37 
.829         L22.8           9.33 

L897.829         122.7           9.35 
(  ompanion  faint. 

A,  11'. 

Cord.  G.C.  5561 
u  =  4''  4'.)'"  l».9     ;     8  =  — .".1    ."»:;'  :;IV. 
7.9,  \  < ■  1 1 1 > v\      ;     7.9,  yellow 
L897.030       [103.0]       [0.66] 
.099         L18.0          0.50 
.099         116.5          0.46 

1897.076         117.1'           0.48 

Fine  close  system   of    equal  stars,    barelj 
divided, 

A,    13. 

Cord.  /.«'.  I'M! 

a  =  4'.  .-,.V"  30".2     :     8  =  —58   82'  52  '.  1 
7.".,  orange     :     12.5,  bluish 
L897.025        310.7           8.25 

A,  44. 

Cord.  G.C.  .".741 
a  =  41'  .-.7"'  7-.2      :     8  =      -23    51'  21      1 
7..~..  yellow     :     9.8,  purple 

1897.829        333.9           1.87 
.829         333.7           L.99 

L897.829         333.8           t.93 
A  nice  system. 

A,  -ITS. 

Cord.  G.C.  5842 

a  =  .V'  1"'  ;,.v.2     :     8  =      56   26'  80".2 
7.'...  yellow       :     v.  yellow 

L897.025         L02.5           0.38 
.lic.i         113.8           0.45 
.123         125.9          0.35 

L897.086         11  I.I           0.39 

Close  and  elegant  system,  at  intervals  dis- 
tinctly separated. 

A,  40. 

Cord.  DM.  22°2016 
a  =  5h3m4".2     :     8=      22    16'  53".fl 
7.3,  or.  yellow           U.S.  purple 

1897.758        357.3         13.71 
.758         357.1         13.90 
.777         358.6         14.36 
.777         358.1          14.30 

1897.767         357.8         14.07 

A,    17. 
Cord.  DM.  22  2089 


ii.-'.. 
/ 

1897.758 
.758 
.829 
.829 

1897.783 


."'  80".  1 
yellow 

0.. 


39.8 

.".'.(.'.» 
38.3 
39.2 

39.3 


8  =  -22    36'  M    .1 

13.4,  purple 

i',. 

3.48 
3.32 
3.62 
3.64 


[nteresting  and  difficull  system. 

A,    IS 

Cord.  DM.  28  2028 

a  =  .V'S'"  51«.3     :     8  =  —  28   34'  87". 

8,  yellow     ;    9.9,  purplish 


1897.835 
.835 

1897.835 


1.5 

1M 


a,  19. 


2.37 

i'.:;i' 


s.D.  [8  1046 
a  =  r.1'  18™  17' .5     :     8  18    II'  lO'.O 

8. 1.  yellow     :     18.8  bl,  purple 
397.772         179.4  5.00 

.771'  180.3  5.02 


1897.772         179.8 
i  ompanion  faint. 


."..Ill 


A,  50  =  G34  Leporis. 

Cord.  G.C.  6109 

a  =  :,'•  11'"  23M     ;    8  =    -is    14'  12V. 
•"..  yellow  12.8,  bluish 

1897.772         199.5         28.81 
.771'         198.9         29.06 

1897.772         199.2         28.93 
Faint  companion  to  bright  star. 


A,  5 

1. 

Cord.  G 

.1.12'.. 

a  =:.''  15 

I...S      : 

8  =  — 4V  8 

8, 

yellow     ; 

8.5,  yellow 

is:  17. 044 

92.  ± 

0.7± 

.071 

98.3 

0.59 

.071 

96.2 

0.63 

1897.062 


95.5 


o.c.l 


Fin.-,  close  >\>i em: afterwards independentl] 
discovered  bj  I  \  \  bs. 

A,  52. 
Cord.  G.C.  6281 

a  =  5*  1!)"'  26M      ;     8  = -•".:!   24'87*.I 
8.8,  yellow      :      11.5,  l.lnisli 

1897.019         336.4  7.35 

.109         339.9  8.18 

.109         339.1  8.20 

1897.079        338:5  7.01 
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A,  53. 

O.A.  8974 

a  =  5h  23'"  -'0s.  1      ;     8  =  —20"  59'  52  VI 
8.5,  yellow  8.5,  yellow 

t  0„  ,,„ 


1897.758 
.758 


I. TO 
16.4 


0.29 
0.31 


1897.758  15.0  0.30 

Fine  double,  not  quite  separated. 

A,  54. 
Cord.  G.C.6437 
a  =  5h  28m  158.9     :     8  =  —27    48'  46\3 
7.:!.  yellow     ;     12.3,  bluish 
1897.835         269.8         14.lL' 
.835         269.4         14.08 

L897.835         269.6         L4.10 


Cord.  Z.C.  5h1577 

a  =  ob  42'"  51s.3     ;     8  =  —47°  25'  12".9 

s.4,  yellow      ;     12,  bl.  pur].].' 

1897.096  308.5  0.78 
.096  308.1  0.86 
.134    309.8     L.06 

L897.109    308.8    o.;io 

Fine  close  system  of  high  interest. 

A;  r><i. 

Cord.  Z.C.  5h1736 
a  =  5h  46'"  43".0     ;     8  =  —  24°  22'  2".0 
8,  yellow     ;     11.8,  bluish 
1897.760         237.3  7.05 

.760         237.1  7.26 


IS'.  1 7. 7  c.o 


237.2 


7.15 


A,  7.7. 

Cord.  6.  C.  6988 
a  =  5>>  51'"  38».6     ;     8  =  —21"  42'  4 ■".:. 
6.2,  yellow     :     14.4,  bl.  yellow 

1897.799  107.4  25.11 

.790  107.4  25.02 

.856  108.0  25.66 

.856  107.6  25.79 

L897.827         107.6        25.40 
Interesting  companion  to  bright  >tar. 

A,  58. 

O.A.  4575 

a  =  :."  58m  36».0     ;     8  =  — 21°  48'  16".6 

7.5,  yellow     ;     10.S,  purple 

L897.804         206.1  1.70 

sol  206.4  1.74 


L897.804         206.2  1.72 

Vei-\  nice  system, 


A,  59  -  G  si  Leporis. 
Cord.  G.C.  7195 
=  5h59m18».7     ;    8  = —26°  17' 8".  1 
(i,  orange     ;     15,  purplish 


L897.835         201.4 
.835         203.8 


21.34 
21.26 


L897.835 


202.6 


21.30 


Companion  excessively   faint,    measures  of 
distance  precarious. 


A,  60. 

Cord.  Z.C  (i'HiO 
u  =  Gh2'"  38".9     ;     8  =  -  32    2' 

7,  yellow     ;     12.:'.,  purple 

1897.772  82.8         26.01 

.7  71'  83.8         26.21 


1897.772 


83.3 


26.11 


A,  61  =  G  7  Puppis. 

Cord.  G.C.  7384 
a  =  6h5">3Ss.O     ;     8  =  —  44°  20'  21".7 
6.5,  yellow     :     13.3,  purplish 
1897.142         121.5        32.30 
111'         119.6         32.72 
.159         119.1         33.17 


L897.148         120.1         32.73 

Faint  companion  to  a  bright  star. 

Aj  62. 
Cord.  D.M.  2i'  2825 
a  =  6'"  7'"  Is. 7     ;     8  =  — 22°  48' 8".2 
AB 
8.1,  yellow     ;     8.2,  yellow 
1897.804  97.1  0.63 

.804  99.1  0.61 

.856  94.4  0.38 

.856  95.0  0.34 


IS-.I7.830  96.4  0.7.0 

System  of  highest  interest,  barely  divided. 
C,  13.3,  bl.  yellow. 


L897.804 

.856 


AB 


324.2 
324.7 


24. SS 
24.41 


1897.830         324.4 

An  important  triple. 


24.64 


Aj  63. 

Cord.  DM.  22°2837 

a  =  6h7m32M     ;     8  =  —22°  46'  15  "A 

7.5,  yellow     ;     12.8,  bl.  yellow 

1897.804         166.4         17.53 
.804         165.7         17.41 


A,  64. 

Cord.  G.C.  7470 

i  =  6'' 9™  5M     ;     8  =  — 25°  4r,'  I'.r.o 

7.8,  yellow     ;    9.9,  purple 
t  6„  p„ 


1897.8:;.-.           07.9 

8.45 

.835          67.5 

8.42 

1897.835          07.7 

8  13 

A,  65. 

Cord.  G.C. 

77i:. 

a  =  6''  IS"'  52».5      :     8 

=  —33°  4'.i'  t0".6 

7.:'.,  yellow     ;     11.(5,  purple 

1897.7SS           91.9 

17.S7 

.788          92.2 

17.80 

1897.788           92.0 

1 7.83 

A,  66  =  Canopus  =  a  Cannae. 

Cord.  G.C.  7843 

a  =  (5h  21"'  43».6     :     S  =   -52°  38'  28".2 

1,  white      ;     15,  bluish 

1897.025         160.  ±       30.  ± 

Avery  faint  companion  noticed  while  scinch 
ing  with  a  screen. 

A,  67. 

Cord.  DM.  23°3914 

a  =  6>>  24™  528.2     ;     8  =  — 23°  31'  17'.2 

S.2,  yellow     ;     9.3,  purplish 

1897.835         214.6  2.48 

.835         214.0  -.'.71 


1897.835        214.3 
A  small  close,  system. 


2.60 


Aj  6S  =  ^Canis  Majoris. 

Cord.  G.C.  7989 

a  =  6h  27"'  41».4     ;    8  =  —23   20'  \8" 

A  B 

4.9,  yellow     :     14.."..  bluish 

L897.835         146.8         24.83 

.835         146.5         24.79 


1897.835         146.6 

24.81 

C,  14,  bluish. 

A  C 

1897.835        303.0 

29.02 

.835        303.3 

28.79 

1897.837.         303J 

28.9] 

IS07.SO-I 


166.0 


17.47 


Faint  companions  of  a  brighl  star. 

A!  69. 
Cord.  G.C.  8079 
a  =  tSh  31™  2".5     ;     8  =  —42°  1 '  7 ".  I 
7.8,  or.  yellow     :     13.3,  bl.  purple 
1897.148  7.1        [10.33] 

.159  8.1  11.56 

.159  7.2         11.89 

1897.156  7.5         11.72 

Companion  difficult,  system  of  minor  inter- 
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A,  70. 

X,  75. 

A,  80. 

1  ord.G.C.  8274 

i  owl   G.C.9284 

Cord.  G.C.  9680 

a  =61                 1           8           52    14' 2]   .8 

..  =  7b  13m  H'.2     :     <S  =  —25    18'  20  .9 

«  =  71'  *>'"  47\7     :     8  =  —27°  58'  9'  9 

7.6,  or.  yellow      ;     7.7.  or.  yellow 

How          18.7,  bluish 

7.0,  yellow         8.1,  yellow 

<                   0„ 

*                   "                  P., 

'                   "                   P„ 

1897.011          117.7         |  I 

[897.843             7.5         12.42 

1897.829          85.3          0.25  est.  0".23 

.1171          115.6           0.46 

843            6.9         12.30 

.829           86.9          0.25 

,i»7l          H8.1            0.45 

1897.843            :.•-'         [2.36 

1897.829           86l           0l25 

1897.053         117.1           on; 

Faint  companion. 

Excessively    close    system,    barely   divided 

Fine  system. 

with   IOOII. 

\,  71  =  G86l            Wajoris. 

A,  76  =  G 158  Go,  n  is    \tu  iorls. 
Cord.  G.C.9374 

A,  8  1 . 

Cord.  G.C.S597 

a  =7b  16™51'.4     :     A  =      26    16 

O.A.  7042 

a  =  I'.l'   IS"  ;,;.-.,;       .      g  -          ■_,,;     |g 

6,  yellow          15  purplish  or  ding] 

o  =  71'  :; 11. s     ;     o  -=      21    .V  16'.0 

1  B 

[896.843         218.6          5.95 

7.:;.  yellow      :     9,  purple 

6,  orange          1 1.7.  bluish 

[897.159         21  1.7           8.93 

1897.835          38.3          9.07 

1897.843         [00.1          L0.58 

.159         215.8           8.97 

.835          38.6          9.20 

.843         L01.0         L0.70 

[897.054         216.4           7.'.).'. 

1897.835          38.4          '.i.  l:; 

L897.843         L00.5         [<X64 

A  m'ia   remarkable  object  shining  with  an 

Companion  difficult.     C,  14.5,  bluish. 

obsi  ure  ding]   ••>    purplish  light.     Extreme!} 
difficult. 

A,  82. 
Cord,  /..i     7h2076 

.1  ' 

A    77 

a  =  71'  3 15".8     :     8  =  -  36   9'  36'.3 

1897.843         245.8         20.51 

A,    I  . . 

Cord.  /.<  .  7M222 

How      :     '.'.."..  yellow 

o  =  7''  Is"1  I9».l      :     o  =  —36   26'  10  .7 

1897.137         347.5           7.411 

A,  72. 

8,  yellow     ;     9.2,  yellow 

.137         347.4           7.52 

O.  \    5901. 
a  =6h  61™  1-  .1      :     8  -     -21    .•.4'  S0*.7 
7.  yellow     ;     12.3,  bl.  purple 

1897.230         303.4           0.41 
.230         300.7           0.39 

.111'         348.5           7.17. 
.Ill'         348.5           7.i»7> 
.159         347.8           7.21 

1897.835          39.5         [3.77 

1897.230        302.0          0.40 

1897.144         :;  I7.'.i           7.i'N 

835          38.4         13.48 

Elegant  system  well  separated. 

A  faint  pair  near  a  bright  star. 

L897.835           39.0         13.63 

A,  78. 

A,  83. 

A.  t  •'». 

Cord.G.C.  '.444 

Cord.  G.C.  9767 

a  =  7h  1S'"51».3     ;     8  =  —25   34'  31   .2 

a  =  7h  3 .V.i-.::     :     8  =  —25   53'  57  .6 

Cord.G.C.  -777 

A  11 

7.  yellow      :     12.3,  bluish 

a  =  6h  55m  36«.3     :     8  =  — 27°  45' 12».6 

-   fellow 

i).  orange     :     12.8,  purple 

1897.843         200.6           8.87 

1897.772         348.5           0.27  est.  0".19 

1897  843         288.7           2.38 

.843         200.0           9.16 

.772         343.6          0.27 

.843         288.2           2.30 

1897.843         2(Kh3           *.*.<»! 

1897.843         288.4           2.34 

L897.772         346.1           0.27 

Fine  system,  not  quite  separated. 

c,  12,  purple. 

A,  M   =  (..  1 11  Pnppis. 

.1  c 

Cord.  G.C.  9913 

A,  71. 

1897.843           13.6          2.98 

a  =  7h  S5m  49».7     :     8  =       111   25'  4s ".:, 

Cord.  G.C.8787 

J),  12.4.  purplish. 

5.8,  or.  yellow      :     11,  purple 

„  =  .;i.  :,.;"•  4.4     ;     8=     -21    58'45'J 

.1  I) 

[897.824         287.4           9.37 

6,  yellow     ;     14.7.  bluish 

1897.843           29.9           6.86 

.824         287.5          9.17 

230.6         13.67 

A  curious  quadruple. 

[897.824         287.4           9.27 

230.3         L3.88 

\j  79. 

1897.835         230.4         13.77 

A,  85  -  G  17,7.  Puppis. 

Companion  very  difficult. 

Cord.  Z.C.  7M:.oi; 

Cord.  G;C.  10025 

a  =  71'  22m  i:.-.7     :     8  =  —27'  57'  4.V.-J 

a  =  7h  3!t'u  :i0».3     ;     8  =  —28    10'  24".  1 

Another  system  aorth  by  128'.4  as  follows: 

7.9,  yellow     :     8.8,  yellow 

.-,.  orange     :     13.7,  purple 

[897.835         348.2           [.82 

1897.856         297.1           0.38  est.  0".35 

L897.856          32.6         26.49 

.835         348.1            1  '.to 

296.4           0.35 

.856          32.6         26.87 

[897.835         348.2           [.86 

1897.856         296.7           0.36 

1897.856          32.6        26.68 

Magnitudes  10.5,  12;  both  bl.  yellow. 

Fine,  close  system. 

Interesting,  faint  companion  to  bright  star. 

N-  i:;i    132 

Til 

A,  86  =  o  Puppis. 

Cord.  G.C.  10182 

u  =  7h  IS'"  56».0     :     8   -        25     11 

20  '.  1 

5.4,  yellow     ;     18.9,  purple 

t            t           Po 

L897.829         197.4         27.86 

.829         198.5         27.52 

L897,829         198.0         27.69 

Til  E     ASTRONOMICAL     Jul'  R  N  A  L. 
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A,  87  =  G  L92  Puppis. 
Cora.  (..('.  10286 
a  =  7h  45m  21.9     :     8  =  — 19°  57'  5*.8 

6,  yellow     ;     14.8,  purplish  or  dingy 
1897.835         144.3  1.51 

.835         144.7  1.43 


1897.835         144. 5  4.47 

Interesting  and  very  difficult. 

A,  88  =  G  60  Carinae. 
Curd.  (i.e.  10301 
a  =  7"  40'"  57s.9     :     8  =  —56   9'  28".4 

6.5,  or.  yellow     ;     15,  dingy  orultra  violet 
1897.022         190.7  5.17 

.088         185.  ±         5.80  ± 
.096         181.4  5.98 

.096         183.2  5.79 


1897.075 


185.1 


A  most  remarkable  object  shining  with  a 
dull  obscure  luster,  as  if  by  reflected  light. 
A  test  object  for  telescopes  and  atmosphere  in 
the  southern  hemisphere. 

A,  89  =  G6  Puppis. 
Cord.  G.C.  10350 
a  =  71'  49'"  us.4     ;     8  =  —38°  36'  1 1".7 
5.5.  yellow     ;     13,  bl.  purple 
1897.137  80.7         11.08 

.137  81.0         11.21 

.159  82.8         10.90 


18H7.145  81.5 

Fine,  brilliant  system. 


11.06 


A,  90. 

Cord.  DM.  22  5387 

a  =  7U51'"  57S.G     ;     8  =  —  22°  5'  7".l 

S.l,  yellow     ;     13.5,  purple 

1897.856         327.(3  2.50 

.856         .328.7  2.38 


1897.856         328.1 

An  elegant  system. 


2.44 


A,  91  =  G  223  Puppis. 
Cord.  G.C.  10454 
-i  =  7h  52'"  31.7     ;    8  =  — 13   34'  15    I 
6.9,  yellow     ;     7,  yellow 
1897.162         301.5  nil 

.162        303.3  0.37 

1897.162         302.4  o.3'.i 

Splendid  system  of  highest  interest. 


A,  92  =  N  Puppis. 
Cord,  G.C.  10496 

u  =  71'  54m  4~.2     ;     8  =  -43   50'  27". 5 
I  /; 
5.6,  yellow     ;     14,  bluish 

f  8o  i'„ 

1  so:. 0S2  [25°±]  [11. ±] 

.134  37.0  9.58 

.134           37.9  9.77 

.159  32.7  lo.o  I  Triple 


1S97.11.".  35.8 

C,  14.5,  bluish. 


9.80 


.1  C 


I  so:.  150  87.5        22. si; 

After  />'  had  been  discovered  al  Mexico,  1 
learned  that  it  had  been  seen  independently 
at  Arequipa  sometime  before.  The  compon 
em  C  makes  N Puppis  an  interesting  triple. 


A,  93  =  <i  233  Puppis. 
Cord.  G.C.  10534 
a  =  V'  55"'  22U      ;     8  = —48°  58' 25".  1 
A  B  =  Hargrave 
5.9,  yellow     ;     13.5,  purple 
1897.134  73.8  6.99 

.13,7  73.0  7.03 

.151  69.8  6.53 


A,  95  =  G  252  Puppis. 
O.A.  8009 
a  =  8h  ■■!"•  53".2     :     8  =      20    15'53".4 
6.5,  '.ellou       ;      14.9,  bluish 

I  «.,  p0 

1897.835         19L3         I3.S2 
.835        191.8         I3.S7 

1897.835         191.6         13.sl 
\  i  erj  difficult  objeel . 

A,  96  =  G14  Velorum. 
Cord.  G.C.  10953 

a  =  S1'  II'"  20  .:,      :      8  -45    57'  ls".l 

7,  yellow     ;     7.;'.,  yellow 
L897.167         285.±         0.20 

.2.3.3  280.  ±  0.30  ± 

.233  278.  ±  0.2S 

1897.211  281.0  0.26 

Fine,  .-lose  system. 

A,  07. 
Cord.  Z.c.  8h746 
a  =  8'>  10'"  5".S     ;     8  =  —  :)7    25' 1S".2 
.1  11 
7.  yellow  13.5,  bl.  purple 

1897.230  1.4  3.06 

.230  1.6  3.23 


1807.1  10 

72.2 

6.85 

C,  14.  purp 

ish. 

A  C  = 

h  4025 

1897.137 

52.5 

18.83 

.151 

47.2 

IS. 5  1 

1897.144 

49.9 

IS. CO 

D,  11.5,  purplish. 

AD  =  h  4025. 
1897.137  37.7         38.77 

.151  37.3         39.36 

1897.144  37.5  30.00 

E.  13.9,  purplish. 

D£  =  A,  93 
1807.137  68.3         10.66 

.151  63.1         10.00 

1897.144 


65.7 


10.82 


Quintuple !  Probably  a  complicated  physical 
system;  the  only  stellar  system  1  know  of 
constructed  on  a  plan  in  any  way  analogous 
to  that  of  the  planets. 

A,  94. 
Cord.  Z.C.  7''414S 
a  =  7h  55'"  50s. 7     :     8  =  —47    24 '  :,:;.:• 
8,  yellow     :     9.2,  bl.  yellow 
1897.164         343.6  1.33 

.164         343.3  1.27 


1897.164         343.4 
Superb,  close  system. 


1.30 


I  so:. 230  1.5 

C,  14.  bluish. 


3.1  I 


1S07.23O 


.1  C 
15.5         16.01 


A,  98  < '. 

Cord.  G.C.  I1O04 

a  =  8>>  llm  9B.4     ;     8  = —35°  23' 3 ".9 

7,  yellow      ;     13.5,  purplish 
1S07.200  72.3  1.51      C 

1897.211  73.. 2  4.97     See 

Interesting  and  difficult  companion.     After- 
wards independently  discovered  b\   Insi- 

A,  99. 

Cord.  Z.C.  8h1560 

o  =  8h  19"'  36».3     :     8  =  —47   52'  35M 

8,  yellow     ;     11.9,  bl.  yellow 
1897.225         111.1  5.05 

.225  114.5  5.50 


1807.225  114.3  5.02 

The  n.f.  of  a  wide  double,  distant  70".± 

X1  loo. 
Cord.  G.C.  11287 
u  =  81>20'»3K3     ;     8  =  —57    ::. 

7.8,  yellow     ;     12. S,  bl.  purple 
1S07.O25         308.5  8.17 

.088         300.3  7.51 

.088         309.9  7. so 


1897.06'i 


309.2 


7.76 


l'.M 
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A,  101. 

Cowl.  G.C.  L1680 

a  =  >*h 

;."."■  1  1\7     :     8  - 

-     28  r 

:i  .2 

8,    \rllntt        ;       1  1 

8,  purple 

t 

e 

p, 

L897.829 

91.1 

7.17 

.829 

92.0 

;.:m 

L897.829 

91  .-• 

\,  L02. 
(  or.l.  <;.<'.  L1699 
-     .  .      ::-.::     :     8  =      39   26'  12  .6 
7.2,  yellow  7.8,  yellow 

1897.184         240.9  0.4  I  est.  0".4 

Fine  close  system, 

A,  L03. 

Cord.  G.<  .  L1797 
6     19    2\1     :     8  =      47   41   23  .1 
7.1,  yellow      :     13.1,  bluish 
L897.082       [200.±]    [10. ±] 
137         206.6         14.21 
.137         206.4         L3.98 
.197         208.4         14.23 

1897.157         207.1  14.14 

A  third  star  in  185  .  35' . 

A,  104. 
Cord.  G.C.  1 1803 
a  =  8h  39"  20».9     :     8  =  -47    48'  12  .1 
yellow      :     1 1.5,  yellow 
L897.197         17  1'.'  8.90 

A,  105. 
(  ord.  DM.  26  8411 
a  =  .■>'    41"   19  .2     :     8  26    16'  39".7 

,i  /; 
7.  or.  yellow      :     14.5,  bluish 
J56         L16.7         22.99 
C,  14.5,  bluish. 

.1  ' 
L897.856         146.2         22.98 
I),  u.:..  bluish. 

.1  D 
556         246.3         22.93 

A,  106. 

Cord.  (..('.  11980 
a  =  8  8=      23°  84 

.1  1! 
6,  or.  yellow     :     12,  bl.  purple 

224.6         L7.43 
.835         224.3         17.7.1 


a,  106 

(t-ont.) 

/; 

C 

9 

r 

• 

333.2 

.•;.•_•  i 

332.9 

3.25 

L897.835 
835 

L897  835         333.0  &24 

A  curious  triple  ->  ^i  ■  in.  with  doubl >m- 

panlon. 

A,  1(17  =iSPyxidui. 

I  ord.  <;.«'.  12132 

a  =  S>>  51"  18«.9      :     8  =  -'.'7'  17'  J.V.I 

6,  yellow     :     11.:..  bluish 

L897.856        267.5        23.85 
Faint  companion  to  bright  stai 

A,  108  C. 

Cord.  G.C.  12268 

a  =  S1'  56m  4:;-.7  :     6  =  —  42    16'  :.^  ,3 
7.7,  yellow  I:!,  purple 

L897.186  lis  2.70     <' 

L897.192  16.8  2.89     See 

Elegant  physical  system. 


A,   11 
Cord.  i..i 
a  =  '.)'•  24™  50*.6     : 
7. 1.  yellow      : 

i                 6, 

.    12922 

8  =  —45'  .".  .;-,   .-, 
18.2,  bluish 

p. 

1897.028         l'7...7. 
4  Ml         267.2 
.120         264.9 

9.72 

7  i:; 

8  98 

L897.063         268.5 

\     n  difficult   system, 

'.(.:;.-. 

A,  H>'. I  =  A  Velornm. 

Cord.  G.C.  12438 
a  =  ;)'■  4'"  HIM      :     8  =       4:1    114  .0 
2.5,  or.  red  1  1.8,  bluish 

1897.151  L30.±        16.± 

.159         L37.4         18.22 

1897.155         133.7         17.11 

Verj    faint  companion;    system   resembles       Excessively  difficult 
that  oi   Aldebaran,  and  is  equally  difficult 


A,  li:i  =  GZAntliae. 
Cord.  G.C,  12942 
a  =  !•>'  -J.",'"  28».2      ;      8  =  —  2ti    HI    ,S 
0,  or.  yellow     :     I  4.8,  ding] 

1897.856         177.;-.  :;.'.)»; 

.856         17N.7  I.. 'id 

L897.856         17N.1  1.1:; 

Exc lingly  difficult  and  obscure  companion 

,\,  I  I  I   =  (i  II  Antliae. 
Cord.  G.C.  13003. 
a  =  0>>  27'"  22«.4     :     8  ^      :::.    Hi'  l.o 
.1  /; 
6.9,  or.  yellow     :     18.9,  bluish 
ls'.>7.:;77.        its::,  l        23.08 
.."•7-         283.5         24.19 

1897.375         283.3         23.63 
r.  1:,.  bluish. 

/,'  C 
L897.375         232.0  1.13 

.375       233.7         4.15 

1  si  »7..-i7.~         232.8 


M  I 


a,  no  a 

(  ord.  G.C.  12528 
a  =  9h  8m  ll'.O     :     rt  =  -4.:   28'  ::■-'  .6 
8.2,  yellow  S.5,  yellow 

L897.025  15.2  1.28     C 

.16  l  19.6  0.85     C 

1897.094  17.4  1.06 


A,  117.  =  (i  17.(1  Velorum. 

(  ..rd.  G.C.  13157. 

a  =  Hs  :;::"■  r,-j-.-2     :     8  =  —53°  1:!'  :. ".: 

6.5,  yellow     ;    (4.:..  yellow 

1897.192         192.5  0.30 

.I'll  176.  ±         0.20 

1897.201  184.3  6\25 

Close  system  of  great  interest. 


1897.120         [60.  ±]       0.7  ±    See 
.164  50.9  0.67     See 

1897.1  l-  7,0.  '.i  0.69 

Elegant    system;    afterwards    noted    inde-    1897.851 
pendentl)  i>>  1  n  \  i  s. 

A,  1 1 1   =  k  Pelortim. 
Cord.  G.C.  12620 
a  =  9b  II1"  4.V.0     ;     8  =      36   59'  16  ,9 
6.2,  or.  yellow     ;     I  !.:>.  bluish 

1897.375         L27.5         11.11 
.375         L23.9        11.43 


A,  116. 

(ord.  /..(  .  9h3158 

„  =  9*  41'"43-.7     :     8  =       28    6'  ::7  .1 

8.1,  yellow  10.8,  purple 

2.8  1 

■_•  88 


200.5 
,s:,c,        200.0 

L897.856         200.3 


224.4 
C,  13,  bl.  purple. 


17.17 


L897.375         125.7         11.27 
Verj  difficult. 


A,  117. 
Cord.  Z.C.  9h4313 
a  =  9'  :.7"  7".9     :     8  =      13  3 
8.5,  yellow  14.  bluish 

1897.225         336.3         13.36 
■225         335.2         13.47 

1897.225         335.7         L3.41 
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\jll8  =  G  195  Velorum. 

Cord.  G.C.  13998 

in1'  II'"  27».9     ;    S  =  —55';;'  8".2 
6.9,  yellow     ;     18.8,  purplish 

»,,  p., 


1897.028  1  |S..">  12.82 

.128  148.2  L3.43 

.128  148.6  14.04 

1897.095  148.4  13.43 


A,  11-.)  =  p  Velorum. 

Cord.  G.C.  14".  17 

a  =  io'>  :;:;■"  0M      :     8  =  — 47°  42'  21".J 
i.i'i.  yellow     :     5.2,  yellow 

1897.025         275.0  0.42 

.085         265.5  0.48 

.085        266.3  0.52 

1897.065         268.9  0.47 


1897.08c 


261.4 


0.66     C 


Splendid,  close  system,  resembling  p  Del- 
pltini;  an  object  of  the  highest  importance. 
Barely  divided  with  high  powers  on  the  great 
telescope;  estimated  distance  0".33. 


\  120. 

Cord.  Z.C.  10h2675 

a  =  10h  37m  SOU     ;     8  =  — 33°  7'  57".5 

S,  yellow      ;     14,  purple 

1897.381         290.7  5.49 

.381         290.7  5.49 


1897.381         290.7 
Interesting  system. 


5.4 '.I 


A,  121  =  G  78  Antliae. 
Cord.  G.C.  14635 
10h38m4».l     ;     8  = —32°  11' 31  ".5 
14. S,  bluish 

18.09 
18.04 

18.06 


6,  yellow     ; 

1897.381         220  1' 

.381         220.0 

1X97.3S1         220.1 

Excessively  difficult 


/ 


A,  1213  (cont.) 
A  C  =  h  1848 

259.; 


1897.181  259.3  13.84 

.181  259.9  13.89 

.184  259.6  14.24 

.lsl  259.5  14.03 

1897.183 


259.6 


1  1.(10 


A,  122. 
Anon. 
a  =  101'  38m  21=.  1     ;     8  =  —59°  20'  38".3 
A  B 
10.4,  yellow     ;     11.7,  yellow 
1897.181         349.2  2.88 

.181         848.:!  3.12 

.184         347.1  2.74 

.184         345.2  3.44 

1897.183        347.5  3^05 

C,  12.9,  Id.  yellow. 


There  are  no  other  measures  of  the  Her 

SChel  star,  h  4;i4N,  and  the  cdose  pair  is  new.' 


A,  123. 
G  88  Cat.  «<  'urinae 
a  =  10h  40'"  7a.9     ;     8  =  —59°  0'  55".0 
9.4,  yellow     :     13.  hi.  yellow 
1897.175         306.8  4.17 

.17:.         307.2  4.11 

.178         305.4  3.55 

.181         303.1  3.37 

1897.177         305.6 


3.80 

No.  8:1  in  Gould's  Catalogue  of  the  (lus- 
ter of  /;  Carinae. 


A,  1 24  ( '. 
Cord.  Z.C.  10h2943 

a  =  10h  41™  21".4     ;     8  =  —53°  17'  55 ".4 
7,  yellow     ;     13,  purple 

1897.088        359.6  8.83     C 

1897.1 7.',         359.8         10.57     .See 
•    .175         360.6         10.49     See 


1897.175 


3G0.2 


10.53 


The  measures  of  distance  are  very  incon- 
sistent. 


A,  125. 
Cord.  Z.C.  10h3370 


a  =  10b  47'"  18».4     ; 
9.2,  yellow     ; 

1897.227    198.7 
.227    198.9 

1S07.227    198.S 


8  =  —44°  33'  20" 
11.2,  yellow 

1.93 
1.66 

I. so 


Interesting,  faint  system. 


A,  126. 
Cord.  G.C.  150411 
a  =  10h  55'"  3Ss.l      ;     8  =  —42    51 '  10" 
7.9,  yellow     ;     8.4,  yellow 
1897.192         167.9  0.86 

.211         172.0  0.71 

.211  171.1  0.60 


1897.205         17o.:;  0.72 

Close  system,  well  separated. 


A,  11 

7. 

Anon.,  near  ( Ion 

.  Z.C.  1014036 

a  =  10h  50"'  48".  7      ; 

8 

58°  0'  56".3 

8.7,  yellow 

9, 

■|.  yellow 

t                   9„ 

f„ 

1897.225         320.1 

6.81 

.225         319.8 

6.95 

1897.225         320.0 

6.88 

Place  is  that  id    Z.C.  1036;    system  is  s.f. 
130  ,  mi". 

A,  128. 

Cord.  G.C.  15898 

a  =  ll1'  Hi1"  23".6     ;     8  =  —:1s1  55'  5 1  '.3 

7.9,  yellow     :     7.9,  yellow 

1897.433         209.3  0.55  est.  0". 35 

.433         206.9  0.49 

1897.433         208.1  0.52 

Fine,  close  system. 

A,  129. 

Cord.  G.C.  15501 
a  =  ll1'  17"'  55".2     ;     8  =  — 52c  49'  17". 1 
7.0,  yellow      :      13.1,  Id.  purple 

1897.088  5.1  6.64 

.088  4.5  H.71 

.120  2.8  6.92 

1s-.i7.o-.i-i  4.1  6/76 

A,  130. 

Cord.  G.C.  15566 

a  =  11"  IS"'  11».0     ;     8  =  —85°  50'  47".5 

8,  yellow     ;     8,  yellow 

1897.430  30.3  0.21 

.430  27.0  0.19 

1S97.430  28.0  0.20 

Excessively  close  system,  resembling  9883, 

A,  131  =  G26  Centauri. 

Cord.  G.C.   15571 

a  =  llh  18m  22».l     ;    8  =  — 35°  36' 58*.2 

4.5,  or.  yellow      ;      I4.S,  hi.  purple 

1897.373         128.7         31.79 
.373         129.3         31.55 

1897.373         ll'O.o         3L67 
Faint  companion  to  bright  star. 

A,  132. 
Cord.  Z.C.  llh2360 
a  =  ll'1  34"' 47". 7     .     8  = —52°  10' 34".l 
7.7,  yellow     :     14,  bluish 
is-.i7.225  69.7         11.42 

.225  69.3         12.01 

1897.225  69.5         11.71 
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\  STB 

ONOMICAL    JO  I    i:  N 

V   1. 

a  =  11" 
5.6,  de< 

t 

L897.416 

.lie. 

L33 

Cord.  G.C.  15986 

81    56  ■' 
|.  orange     ;     13.9,  i>luis|i 
6 

346.0  26.82 

346.1  26.67 

'  .7 

L89 

=  n1'-) 
7.8 

/ 

".447 

.1  17 

A,  L39. 
(  ord.  G.C.  L6244 
:•"■  9".9     :     8  =      37    2      i    G 
yellow      :     12,  purple 
"                     P. 

38.7  0.84 

37.8  0.92 

38.2          0.88 

Is 

1897.416 

346.1 

26.74 

IS'.I 

r.447 

A,  134. 

Cord.  G.C.  16021 
a  =  llh  S8m  18'.3     :     8  = 

7.'.>.  yellow     :     II.  bluish 
ism:.--;,        323.o         12.14 
.225         323.4  L2.29 


Ism—-;,         323.4 


12.21 


Aj  135  =  <;  291  Hydrae. 
Cord.  G.C.  L6114 
a  =  llh  42'"  16-.4     :     8  =-. 

7.  yellow     :     7,  yellow 
L897  H6         L85.  t  0.20  I 

clearly  elongated  but  not  separated;  nice, 
close  system. 


A,  136. 

Cord.  Z.C.  llh2950 

a  =  llh  43"  54'.6     :     8  =  — 35°  22'  40».2 

9.5,  yellow  13.5,  bluish 

1897.373    263.2     7.52 

.373    261.9    8.17 

3    262.5     7.84 


A,  137. 

\non. 
a  =  llh4T'"  10'.      :     8  =  —43    23'  21 
8.1,  yellow  9,  yellow 

L897.225         347.]  L.22 

.225        348.1  1.23 


\  erj  difficult  and  ren  interesting  clo 
tern. 

A,  1  I"        G81  Centuuri. 
Cord.  G.C.  i 
u  =  llh51m  41'.9     :     8  =  —  4i!   30'  58  .4 
7.6,  yellow     :     11.  bluish 
1897.096         198.2  0.75 

.120         198.0  1.14 

.  ll'O         199.3  0.98 

L897.112         198.5  0.96 

i  lose  system,  separated  with  difficulty  on 
account  of  the  inequality  of  the  components. 

A,  1  1 1 
Cord.  G.(  .  16345 


a  =  I  l1'  :,.; 

7.  yellow 
1897.436         309.3 
.436         309.9 

L897.436         309.6 
I'ln sical  system. 


8  =  —40   25'  28".0 
10.8,  purple 

3.30 

3.52 
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A,  1  15       G  '.'7  Centuuri. 
Cord.  G.C.  16622 
12*  5m  22".5     :     8  37    Is'  18».6 

7.  yellow     :    9,  bl.  yellow 

e0 

L897.427  19.1  0  70  I 

Pine  system  ol  unequal  stars. 

A,   1  16. 

Cord.  '..I  .  16623 

,.  =  12  •  8  36    16'  n>  .- 

8,  yellow  12.-2,  purple 
1897.386           59.7  0.64 

.386  56.4  C.68 

1897.386  58.1  0.66 

A,    I  17. 
Cord.  G.I  .  16705 
12    -i  8=      36    10'  20".6 

.1  B 
7.  yellow  7.1.  yellow 

1897.430  23.0  0.19± 

.430  18.1  0.20± 

1897.430  20.5  0.19 

Excessively  close, elongated  us  1:6;  no  trace 
ui  separation. 

C,  18,  bluish. 

.1  /; 


3.41 


C 


1897.225         347.6 
Nice,  rli.se  system. 


!.•_"_' 


A,  L42  =  G-310  Hydrae. 

I  ord.  G.C.  16423 

a  =  U1'  56"'  ll-.l     :     8  =  — 34c  5'  38  .5 

7.6,  yellow     :     8.S,  yellow 

1897.430         236.3  0.86 

.430         238.6  0.86 

1897.430         237.4  0.86 

Fine,  close  system  of  high  interest:    inde- 
pendent!; discovered  bj  In  si  s. 

A,  1  13  =  G  89  Ct    tauri. 

Cord.  G.<  .  16460 

a  =  11''  58™  32«.5     :     8  =  —3s   27'  2».4 

7.2,  yellow  7.4.  yellow 

1897.197         225.1  0.73 

.197         225.8  0.72 


1897.430 
.430 

L897.430 


302.5 
302.5 

302.5 


30.73 
30.61 

30.67 


Aj  138. 
I  ord.  G.I  .  L6214 
a  =  11»  47      12».8      :      8  18    6'  30  .  I 

7.6,  yellow      ;     1 1.6,  bluish 
L897.131         174.8  2.24 

.131         173.2  2.26 

.167         172.3  2.11 

1897.143         17.;.  I  2~20 

The  n.f.  star  of  a  wide  double.     A  very  in- 
teresting system. 


L897.197         225.4  0.72 

Important,  close  system  nicely  separated. 

A,  144  =  G311  Hydrae. 
Cord.  G.C.  16512 
a  =  12h  0"'  48".4     :     8  =  — 3.V  8'  l  I  .0 
6,  yellow     ;     14.8,  bluish 
1897.373         177.1         26.20 
.373         L77.5         26.06 
.430         17."..  I         24.78 
.430         17  l.s         24.89 

L897.401         175.7         25.48 
( lompanion  verj  difficult. 


A,   1  is. 

I  i. nl.  /.(  .  L21>492 

„  =  12h  8"'  54  .8     ;     8  :;•".    59'  59M 

6.5,  yellow      :     13.5,  bluish 

L897.430  63.5         20.40 

.430  63.1         20.52 

1897.430  63.3         20.46 

Large   Btar  appears   to  be  a  close  double: 

11  .:..    0  .2 

A,  1  19. 
(  ord.  /.'  .  I2h91 
a  =  i:.'1'  15"  56\S     ;    8  U    IS    19 

8.2,  yellow     :    8.3,  yellow 
L897.436         305.6  0.59 

.436         305.7  0.59 


L897.436 


:;o; 


a. v.i 


Fine,  close  system,  would  separate  if  not  al 
so  l"»  an  altitud 

A,  150  =  G  320  Hydrue. 
Cord.  G.C.  16897 
a  =  12b  IS     38    :      :     8  =  —1".)     16 
6,  or.  yellow     ;     13.5,  bl.  purple 
1897.375         102.9         17.58 
.375        102.1         is.;;  I 

L897.375         102.5         17. si; 
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A,    17)1     =    .r..Cr, ,/„„,-;. 

Cord.  (i.e.  16928 
=  I2h  20"'  5'.8     ;    8  =  —34°  37'  .",:,". s 

7,  yellow      ;      7. 'J,  yellow 


L897.427 

.179 


4(1.  ± 
42.8 


0.18  ± 
0.26 


1897.453 


41.4 


0.22 


Excessively  close  double,  Dot  quite  separated 
with  1500. 

A,  1  52. 
runt.  (i.e.  16981 
a  =  12"  20"'  8».7     ;     8  =  — :30°  :!4'  34".2 
7.7,  yellow     :     12,  purple 
L897.383  87.2  2.2(1 

.381  87.0  2.7,1 


189' 

'.381 

87.1 

2.35 

K 

53. 

Cord,  (i 

C. 16937 

a 

=  12h 

20'"  30".  4 

;     8  =  —49°  2'  4".4 

7 

(i,  yellow 

;     12.S,  bluish 

in'.i; 

.131 

203.4 

14.13 

.131 

202.9 

13.87 

.164 

202.6 

13.21 

L897.142 


.'03.0 


13.74 


A,  17,4  =    G  Centum-! 

Cord.  G.C.  16946 

a  =  12''  21'"  7".8      ;     8  =  —50"  53'  40".  1 
4.3,  yellow      ;     13.8,  bluish 

1897.128  285.7  23.66 
.128  285.8  23.28 
.167         285.0         23.7,7 


1897.141 


285.5 


23.50 


A,  17,7,. 

Cord.  DM.  34°8203 

a  =  12h  24m  38».8     ;     8  = —34°  14' 13" 

9,  yellow     ;    12,  purple 

1897.381         118.7         10.22 
.381         118.4         10.22 


1897.381 


118.5 


10.22 


A,  156. 
Cord.  Z.C.  12"1789 


a  =  12h  30'"  45».6 

S.3,  yellow 

1897.383 

.383 

.389 

.389 


123.3 
125.7 
122.0 
122.5 


8  =  —35°  16'  23".  1 
S.8,  yellow 

0.53 

0.57 
0.49 
0.45 


1897.386 


123.4 


(1.7,1 


Fine  close  system. 


A,  17,7  ^  (i  130  Centauri. 

A,  102. 

Cord.  <;.('.  17157 

Cord.  DM.  :;i  8441 

a  =  I21'  31"'  10\4      ;     8  =  —49°  47'  l".7 

tt  =  121'  44 \0      ;      8=       3  1      I2'57".l 

0.3.  yellow      ;      13.3,  bl.  purple 

II,  yellow     ;     13.8,  bluish 

1                        0„                     !>,. 

t         (>.,        ,,„ 

L897.140         121/1           7.64 

1897.386         229.(i          5.64 

.llo         12(».(i          7.56 

,386         228.4           5.80 

.167         122.7           7.70 

.430         228.6          4.32 

1897.149         121.3           7.66 
( Companion  difficult. 

.430         227.5            1.71 

1897.408         228.4           5.12 

A:  158  C. 

A,  10.'!  =  //  <  'entauri. 

Cord.  G.C.  17204 
a  =  l2h  33m  17.5      ;     8  =  — 3S°  50'  32".4 
9,  or.  yellow     ;     11,  bluish 

1897.085         191.0        0.99  C  est.  1".0 
Difficult. 

Cord.  G.C.  17473 

tt  =  121'  45'"  15". 7      ;     8  =  -33  '  27'  13". 2 

4,  yellow      ;     15,  bluish 

1897.395          60.3         27.58 (?)  est.  22" 

( lompanion  very  difficult. 

A,  17,9  =  y  Centauri. 

Cord.  (i.e.  17269 

A,  164. 

a  =  12"'  36'"  0S.4      ;     8  = —48°  24' 35 '.3 

Cord.  Z.C.  12>>2686 

C,  14.5,  bluish. 

a  =  121'  46'"  1S.7     ;     8  =  —32°  48'  2". 2 

A"  c 

AB 

- 

S.5,  yellow     ;     14.4.  purplish 

1897.140         121.7         29.78 

1897.386         193.7           2.57 

A  third  component,  very  difficult. 

.386         191.9           2.7,1 

AB  =  ft 4539;  mags.  4;  4,  yellow 
1897.041         356.4           1.88 
.128         359.6           2.04 

.395         187.1           2.38 
.395          180.4            2.36 

1897.391         189.7           2.40 

.128         360.2           1.98 

Extremely  difficult. 

1897.100         358.7           1.97 

C,  14.8,  bluish. 

AC 

A,  160. 

1897.386          120.1          14.0  1 

Cord.  DM.  38°7979 
a  =  12h  40'"  58s.9     ;     8  =  — 3S"  53'  58".8 

386         119.0         42.46 

1897.3S6          HOC           13.25 

10,  yellow     ;     11.5,  purple 

Very  difficult. 

1897.419         175.6           1.7,0 

.419         175.7           I.Od 

1897.419         175.6           1.55 

A,  165. 

Cord.  G.C.  17514 

,.  =  12''  47'"  42'.  1      ;     8  =  —  3SC  50'  47".  1 

Aj  161. 

6.5,  or.  yellow     ;     14.5,  bluish 

Cord.  <;.('.  1742!^ 

1897.373         235.9        21.35 

a  =  12''  42'"  40". 6     ;     8  =  —35°  9'  35 ".2 
A  B 
7.5,  yellow     ;     12.3,  bl.  yellow 

.373         233.4         21.00 

1897.373         234.7         21.17 

1897.381         109.1         33.79 

.381         109.1         34.13 

A,  166. 

1S97.381          109.1         33.96 

Cord.  Z.C.  12h3085 

C,  13.3,  bl.  yellow. 

tt  =  12'' 53'"  32».4     .     8  =  — 40°  26' 58".S 

BC 

7.9,  yellow     ;     13,  purple 

1897.381           94.2           0.17 

1897.389         348.0        20.41 

.381          94.3          6.03 

.389         348.0         20.31 

1897.3S1            94.2           6.10 

1897.389         348.6         20.36 

Til  I'.     AST  RONOM  tCA  I-     .1  0  in  \  I .. 
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\,  167  C. 
I  ord.  /..<  .  IS 
a  =  li"  53m  ll«.S     :     o  = 

!n«      :     18,  bluish 

6  ,, 

L897.447         L16.5         23.68     C 

.117         lis..",         23.70     C 


1897.447         117.5         23.69     C 
L897.447         L16.7         24.03     Sei 

A,  168. 
Cord.  DM.   ■- 
„  =  12*  68™  -JM     :     &  =      38 
low      :     8.2,  yellow 

1897  122         L82.2  0.25  est.  0".25 

.422         Ism  0.25 

1897.422         lvU  0.25 

Important  close  system. 

A,  169. 

Cord.  (..(,'.  177"i7 

«  =  12*  58°    15  .0     :  8  =  —33°  i3'  16  .2 

7.  or.  yellow  :  13.4,  bl.  purple 
1897.386  235.8  11.18 
.386  235.3  11.29 
.111  236.4  10.93 
111  236.4  11.15 
.427  234.6  10.89 
.433  235.7  10.99 
.171  235.6  11. si  i 
.471        -J:;*;.:;        11.51 

ls<i7.4L'.-.        235.8         ii.:;:; 
Difficult  and  interesting  system 

A,  17n  =-  G  is:;  Centauri. 

Cord.  '..i'.  17936 
a  =  13*  <i"  T.\>      :      rt  =  —59    23'  10 
7.  or.  yellow  7.  or.  yellow 

1897.134  86.±  0.35± 

.135  88.  ±  0.30± 

.162  106.1  0.37 

.162  105.1  ".:;i 

1897.146  •m;.:\  u.:;i 

Fine  close  system  of  great  interest. 
Thi-    Harvard  observers  have   noted  a  V2 

companion  in  260  .  -!11   . 

A,   171. 

(ord.  G.C.  18014 
u  =  13    '.'"•  j-.i-.n      :     o  =  _:;( 
8. 1.  yellow  8. 1.  yellow 

I^'.'7.IL'7         303.1  0.44 

.1-7         300.4  0.39 


1  ^••7. 1L'7  301.7 

Importanl  close  Bystem. 


O.I  I 


A,  170  =  <;  200  Centauri. 
Cord.  G.C.  18129 

a  =  13*  1  I1"  ISM      :     rt  -        .V.i    III-. 
7."..  yellow  18.6,  purplish 

t  "  p., 

1897.145  208.5  12.90 
.117.  208.2  12.66 
.162         209.0         13.35 

Is:i7.1l7         208.6         ll".»7 


A,  177. 

(ord.  (i.e.  18249 

,i  =  13*  lc-  s-.7     :     8  -       34    6'  19'  9 

7.9,  yellow     ;    8.6,  yellow 

1897.471         197.9  0.21  est.  0".3 

.471         198.9  0.20 

18!I7.471  los.l  o.L'l 

i  Hose  system  of  high  interest. 

A,  17S. 

•  ord.  /..(.  18h1209 

a  =  13h  21" 88«.9     ;     8  =  — 82°  12' 48'.3 

8.1,  yellow     :     1  t.o.  bluish 

1897.381         226.9         14.94 
.:;si         225.2         14.68 

1897.381         225.6         1  l.si 


A,  170 


il  <  'entaui 


lord.  G.C.  18376 

13*  25m  14».6     ;     8  =  —38°  53' 

o,  orange     ;     5,  orange 


1897.096 

;is.  ± 

0.18  ± 

.120 

104.7 

0.20 

.120 

105.5 

O.IS 

.389 

280.  ± 

0.20  ± 

.389 

275.  ± 

0.20± 

1897.5 


101. s 


0.10 


i  tcessivelj  close  system  of  the  highest  in- 
terest :  tin-  closest  of  all  our  bright  double 
stars.  At  Flagstaff  this  object  was  twice  no- 
ticed as  a  double,  without  my  knowing  what 

il    was;    and    as   tin'   star    was   only  about    14 

from  tin-  horizon,  the  result  ma\  be  regarded 
as  furnishing  a  satisfactory  criterion  for  the 
steadiness  of  tin-  atmosphere  and  for  tin-  defi- 
nition of  the  great  (lark  refractor. 


A,  lso  =  <;  228  Centauri. 
Cord.  (i.e.  18382 
a  =  13h  25m  29'.8     ;     8  =  — 41°  56' 58".8 
ellow      ;      13.5,  111.  purple 

1S07.-;;:;        230.6  3.90 

.l>:;:;         230.5  3.90 

1897.233         230.5  X»o 

Physical  system  of  high  interest. 
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A,  IS1. 

Cord.  Z.c.  18*1589 

a  =  18*  27m  57".6     :     8  = —87°  44' 88".] 

A  IS 

8,  yellow      :     8.8,  yellow 

t  '     V„  Po 

1897.389         102.0  0.47.  est.  0".35 

.389         101.9  0.39 

L897.389         L02.0  0.43 

Fine  system  just  separated. 
(  .  12.5,  1)1.  yellow. 

¥>  ° 
1897.389  18.0         28.33 

.389  is.  I         28.33 

1897.389  is.i'         2X33 


A,  L82. 
cord.  Z.C.  13*1625 
„  =  l:;1'  28m  328.0     ;     8  =  —41°  53'  22".4 
.  S.3,  yellow     :     11.2,  bluish 
1897.16.7         160.3  L.28 

.167         160.9  L45 

1897.167         160.6  L36 

Afterwards  noted  independently  by  I\m:s. 

A,  183. 

Cord.  G.C.  18538 

a  =  13''  31"'  58".0     :     S  =  — 31°  50' 58".6 

8.1,  yellow     :     8.1,  yellow 

1897.395         260.  ±         0.25  ± 

.395         265.  ±         0.25  ± 


1897.395         262.5  ±       0.25  ± 
Very  close  double,  not  quite  divided. 

A,  184  =  G241  Centauri. 

Cord.  G.C.  18531 

a  =  13*  32m  4".l     ;     8  =  — 34°  33' 14".0 

7.'-',  yellow     ;     12,  purplish 
1S-.I7.044       [295.  ±]      [1.0  ±] 

1897.131  314.9  0.99 

.131  316.0  0.94 

.386  309.1  0.99 

.38(5  308.6  1.04 


1897.256         310.9  0.99 

Fine  unequal  pair,  resembling  85  Pegasi. 
Afterwards  independently  noted  by  Innes 

A,  185. 

Cord.  Z.C.  13MS62 

a  =  13*  32'"  21U      ;     8  =  —36°  58'  25".l 

7,  yellow     :     13,  bluish 

1897.373  13.3        17.64 

.373  14.2         17.50 


L897.37 


13.8 


17.61 


a,  186  =  <;:;.-> 

!  Hydrae. 

Cord.  G.C. 

18546 

r< 

=  IS"  82 

«  45-.  5      :     8 

28    I.V4S".:; 

8, 

yellow     :     8 

yellow 

/ 

e„ 

Pn 

189' 

-.193 

195. 7 

0.20  ± 

.493 

197.9 

0.20 

189' 

.493 

L96.8 

0.20 

Excessively  close  pair, 

A,  187 

a 

Cord.  G.C. 

18617 

a  = 

=  13*  36 

°37».4     :     8 

=  —36°  52'  14".!) 

8.8, 

yellow      :     1 

1.8,  purple 

1897 

.447 

33.2 

3.77     (' 

1  17 

32.3 

3.79     C 

1897.447 

32.7 

3.78 

1897.447 

33.2 

l.ol      See 

Difficult  s\ 

stem. 

A,  188 

Cord.  G.C. 

18629 

a 

=  13h  3 

7™  7U     :     8 

=  — 32°9'54".0 

7.2, 

yellow      :     1 

2,3,  purple 

L897 

.381 

275.3 

18.27 

.381 

275.4 

18.65 

.395 

275.1 

19.02 

.395 

274.7 

18.66 

189; 

.388 

275.1 

A,  189 

18.65 

Cord.  G.C. 

1884:; 

a  = 

=  L3*  46 

"  34s.  6     ;     8 

=  —30°  17'  24".5 

7.8,  or. 

yellow     ;     1: 

.8,  bl.  purple 

1897 

.460 

256.5 

13.29 

.460 

255.9 

13.37 

1897 

.460 

256.2 

A,  190 

1. ■;.:::; 

Cord.  Z.c.  1. 

S*2864 

a 

=  13*  4S"'  7s.O     ;     8 

=  —29°  47'  l'.V'.'.i 

Mi 

7.1,  or. 

yellow     ;     11,  bl.  purple 

1897 

.493 

223.4 

7.14 

.493 

222.1 

7.11 

1897 

.493 

222  7 

7.1.", 

c, 

13.2.  bl. 

yellow. 

AC 

1S07 

.493 

144.1 
Aa  191 

32.03 

Cord.  G.C. 

8891 

a 

=  13*  48 

"  49*.  4     ;     8 

=  —34°  6'  10".3 

6.9, 

yellow     ;     13.2,  purplish 

1897 

.473 

155.6 

19.54 

.473 

155.0 

19.51 

1897 

.473 

155.3 

19.52 

A,  192. 
Cord.  G.C.  18928 
a  =  13*50m18'.l     ;     8  = —88°  10' 21  ".9 
7.0,  yellow     ;     13,  purple 

1  0„  Po 


1897.373 

'  .37:: 


182.5  2.38 

183.4  2.19 

2.28 


L897.373         183.0 
Physical  system, 
[independently  discovered  by  I  \  s  is. 

A,  L93. 

Cord.  G.C.  18941 

„  =  13'>51m  L38.0     :     8  =      27    10'  I:;'.  I 

7.9,  yellow      :      14.7,  purple 

1897.465         164.4  r,..v, 

.465         163.1  0.9O 


1897.465         163.7  6.72 

\'ci\  difficult,  companion  extremely  faint. 

A,  194. 

Cord.  G.C.  18951 

u  =  13'' . -j  1'"  27". 5     ;    8  =  —  27°1'57".6 

8,  yellow     :     9,  yellow 

1897.405         313.7  0.57 

.10.7         314.5  0.59 


Is97.l1;:,        314.1  0.58 

Fine  system.     Afterwards  found  1>\  Innes 

A,  195. 
Cord.  G.C.  19032 
a  =  131'  55'"  39-.1     ;     8  =  —31°  8'  4 ".2 
7.  yellow      ;      13.8,  bl.  purple 
IS97.I71  237.7  21'. 75 

.471  237.0         22.88 

2:;:.:;        22.82 


1897.471 

A,  196  =  b  Centauri. 
Cord.  G.C.  19129 
a  =  141'  0"'  48s.9     ;     8  =  -35  '  52'  26".  I 
3.5,  or.  yellow     ;     14.3,  1  >1  i  1  i — 1 1 
L897.373         129.1         69.85 
.373         12s. 0         70.03 


1897.373         128.6        09.91 

Faint  companion  to  bright  star. 

The  Harvard  observers  at  Arequipa  report 
a  companion  8M,  in  180°,  '.'•":  I  could  see  no 
trace  of  such  an  object,  though  I  often  ex 
amined  Q  Centauri  under  good  conditions  at 
Mexico  and  at  Flagstaff. 

A,  197. 

Cord.  Z.C.  14"",-.' 

a  =  14*  2"'  10s.4     :     8  =  —2(1    52'  6".5 

8  B,   -How      :     s.s,  yellow 

1897.463  34.5  0.2:, 

.463  37.5  0.27 


1897.463  36.0  0.20 

Excessively  close  system. 


200 


Till       LSTROfl  0  M  ICA  L     JO  l'i:\  \  1. 


\"    I.; I    132 


A,  198. 

I.  /.('.   14''I44 

a  =  14    :;    39\7  ;    8=       !•    •- 

8.1,  yellow  :     18.1,  1>1  (i i  -1 1 

t  r 

1897.1  18         L34.7  9.38 

lis         l :;:,.:;  9.41 

.162         135.7  9.43 


1897.153 

135.2          9.41 

A,  199. 

Cord.  G.<     i 

a  =  14''  4 

:'..".-.  1     :     8  = 

7.4, 

yellow      :     18.8,  I'l.  purple 

L897.386 

226.5           8.12 

.386 

227.5           8.38 

.460 

226.0           8.51 

.460 

224.0           s::: 

L897.423 

226.0           8.43 

A,  200. 

Cord.  G.C.  19225 

a  =  141'  .■»'"  31-.  7     :     5  =      29    18'  15*.3 

7.2,  yellow      :     12.3,  bl.  yellow 

L897.534  98.2  9.31 

.534  97.3  9.23 


L897.534 


97.8 


9.27 


a,  201. 
Cord.  G.C.  19278 
a  =  U1'  8m  '-'".7     :     8  =  —  31° 34'  89".9 
7. -j.  yellow  11.3,  bluisU. 

1897.414  L99.2  17.14 
.114  200.0  17.64 
.422         200.1  17.75 

.422         200.1  17.78 

1897.418         L99.8         17.65 

a   202. 

Cord.  G.C.  19323 

„  =  uh  I""1  59'.5     :     8  =  —29   30   25  .2 

.1  B 

7.8,  yellow     :     8.4,  yellow 

L897.460         108.4  0.95 

.460         109.7  0.86 


1897.460         L09.1 
'  .  12.5,  bl.  yellow. 

.1  B 


0.91 


L897.460         L34.4         30.83 
Interesting  triple,  close  pair  well  separated. 

A,  203. 
d.  I'M.  29  10981 
u  =  14''  13°>37'.4     ;    8  =      29    li  '17    I 
How  1 1.5,  bl.  purple 

1897.460  94.0  10.42 

.460  94.3         10.61 


1897.460 


94.1 


10.51 


A,  204  =  \p  ( 'eutauri. 

A,  209  =  G26  Lupi. 

Cord.  G.C.  19387 

Cord.  G.C.  19842 

a  =  141'  14'"  28».0     :     S  =      :;7    25' 

31 

.<» 

a  =  14''  :',:',"'  IV.'.i     :     8  =  — 43    21' 42*.0 

."..  yellow     ;     13.9,  bluish 

5.9,  yellow      ;      !::.s.  bluish 

t                6                p0 

*                      0„                    P.. 

L897.1  l<>           87.1         34.44 

1.897:230         2lo.:;         11'. 7.". 

,1  |i)          86.2         34.52 

,230         241.1          12.82 

.159          86.1         36.52 

1897.230         240.7          12.7s 

L897.147           86.5         35.16 

A,  210. 

A,  205. 

Cord.  G.C.  19895 

Cord,  G.C.  19590 

a  =  14*  35™  57'.9     ;    8=      32    28'  8*.8 

«  =  14''  -'."."  26'.8     :     8  =  —36   35' 

29' 

.7 

.i  /; 

7.::.  yellow      :     14.2,  bluish 

8,  yellow     :    8,  yellow 

1897.373          '''5.2         11.07 

■ 

.37.".          69.0         L0.82 

1897  1-2         264.4           0.48 

.447           'i5.N         11.13 

.422         265.3          0.47 

L897.398           66.6         11.01 

L897.422         264.8           0.48 
C,  13.5,  bl.  yellow. 

L897.447           64.6         11.. 'is     C 

'/''■'• 

.117            C5.li          1U.C5     c 

L897  l  IT           64.8         11.01     C 

1897.422         349.3         26.06 
D.  13.5,  bluish. 

A,  206. 

Cord,  G.I  .  19869 

a  =  14h  26m  2".6     :     8  =—31° 44' 

10 

7 

1897.422           18.6         24.11 

.1  /; 

Splendid  quadruple. 

7.  yellow      :     10.5,  purple 

L897.414         191.5           1.22 

a,  211  a 

111         190.2           1.00 



Cord.  G.C.  20023 

1897.414         190.8           1.11 

a  =  14*  11'"  l»'.9     ;     8  =  — 36°32'  U'.l 

C,  14.:,.  bluish. 

8,  yellow      :      14.  bluish 

A  C 

1897.447         178.4         14.14     (' 

1897.414           19.1         23.31 

.117         178.6         14.61     C 

Important  triple. 

1897.447          178.5          14.37     C 

L897.447         178.0         14.43     See 

A,  207  —  //  '  '<  ntuuri. 

Cord.  G.C.  19737 

a  =  14>'  29™  9'.5     ;    8  =  — U°43' 

.-> ' . 

8 

A,  212. 

2.6,  yellow      :     14.8,  purplish 

Cord.  G.C.  20042 

L897.028         270.  ±         6.0± 

a  =  14''  11"  51M      :     8  =      31     19'  II".  I 

.041           2(14.4            5.57 

7.ti.  or.  yellow     ;     s.  or.  yellow 

.085         276.0           5.38 

1897.395          26.4           0.26  ± 

L897.051          270.1            :,.i\r, 

.395          31.0          0.27  ± 

A  most  splendid  system.     One  of  the  mosl 

L897.395           28.7           0.26 

difficult  double  stars  of  this  class  known 

and 

certain   to  be   physically  connected. 

A 

test. 

Fine  close  double,  not  « 1 1 1  i  r » •  separated. 

object  par  excellence  for  the  seeing 

ui. 

the 

telescopes  of  the  southern  hemispher< 

A,  213. 

Cord.  /..<'.  1  lh2593 
a  =  14Ml""  12-.7     ;    8=  -29    59'  is  ..; 

a,  208    -  G  362  Centattri. 

Cord.  G.C.  19818 

7.6,  yellow      :     8.5,  yellow 

a  =  14h  :;-J'"  19'.3     ;    8=      34    50 

29 

.3 

5.8,  yellow         12.3,  purple 

1897.460         167.0          0.24 

L897.386          20.1         23.16 
20.0         23.45 

160         L67.6          0.25 

1897.460         L67.3          0.24 

1897.386           20.1         2 

Es ivelj  close  and  fine  double. 

N--  i:;i    132                                 in 

A,  21  1. 

Cord.  /..('.  I4ll2742 

u  =  It1'  14'"  47~.!>     ;     8  _       -35    58'  1  i".8 

.1  /; 

7.6,  yellow     :     18.9,  bhiisl) 

is;»7.l!l         258.9           t.66 
111         259.7           1.56 

1897.411         259.3           1.61 
C,  13.5,  bluish. 

.4  a 
1897.411           55.9         40.64 

A,  215. 
Cord.  O.C.  20224 

u  =  141'  50'"  21'.4     ;     8  =  —34°  1:1'  32".8 

A  11 

7.4.  M.  yellow      ;      7.4.  bl.  yellow 

1897.430          99.5          0.80 
.430         loo.  .7          0.73 

1897.430         loo.o           0.76 
C,  10.2,  yellow. 

4*  c 

E     ASTi;n\<i\i  [CAL     JOU  ItNAL. 


L'(i  | 


A,  219  -  A  Lupi. 
Cord.  G.C.  2051  l 
u  =  J.V'  2m  6«.5     ;     8  =  —44   53'  4o".7 
1.9,  yellow     ;    5.6,  yellow 

1  0„  p., 

1897.085         177.:i  0.30± 

.128         178.9  0.28 

.128         1S0..7  Q.31 

1897.111  178.9  O30 

Fine  brilliant  system, separated  but  extreme 
ly  close.     An  object  of  the  highest  interest. 

A,  220. 
Anon. 
a  =  15'"  4";±     ;     8  =  — .77    6' 
fi.8,  yellow      ;     1 1.3,  purplish 
1897.230         297.7  6.13 

.230         296.6  0.42 


1897.230 


207.1 


6.27 


1897.430  22.9         is. 3  1 

.430  22.S         48.33 

1897.430  22.0         is.:;:; 

independently  discovered  i>\  [nnes. 

A,  210. 
Cord.  G.C.  20232 
a  =  ll'1  50™  43".6     :     8  =  —41     13'  57 
5.7,  or.  yellow     ;     14,  bl.  purple 
L897.230  7S.1         16.05 

.230  77..7  I  .-..SO 

1897.230  77. s         1.7.02 


A,  217  =  G  ±5  Lupi. 

Cord.  G.C.  20392 

a  =  14h  56m  52».0     :     8  = —32°  14' 55  ".5 

4.9,  yellow      :     13.7,  bluish 

1897.430         119.6         36.87 

.430         120.2        36.68 

1897.430         110.0        36.78 

Verj    strongly   suspect  a   faint   companion 

15"  in  105  .  s ".' 

A,  218  =  G  iGLup'i. 

Cord.  G.C.  --'11407 

u  =  14'' 57'"  12'.::     .     g  =  _35   33'0".0 

7,  yellow     :    7.  yellow 

1897.556  12.5  0.20  ± 

..-.:.<;        io.i         o.i8± 


Place  only  approximate,   not  in   the  cata- 
logues. 


A,  22  I. 

Cord.  G.C.  20677 

a  =  15h  9'"  31".  1      ;     8  =  —36°  37 '  32  ".  2 

7.4,  yellow     ;     13.9,  purplish 

1897.367  41.1  1.82 

.307  40.6  1.82 

4().  s 


A 

225. 

Cord.  Z.C.  1." 

i>730 

a  = 

15'' 

2' 

9».3 

,    8  = 

=  —81    28 

57".3 

t 

7.5 

y 

•Mow 

12. 

;,  yellow 
Po 

ISO  7.7. 

;i 

1 1  to 

L3.95 

..7 

14 

ii  i. 

13.84 

L897.534 


l  I  l 


13.90 


A,  226  =  G80 Lupi. 
Cord.  G.C.  20784 

a  =  151'  12'" :;:;».(!     ;     8  =  -  80   50'  36".4 
5.8,  orange     :    14.2.  bluish 
L897.430  70..7         19.82 

.430  71.1  20.07 

.4(50  68.5         21.26 

1N07.IIO 


7o.o 


20.38 


1897.367 

Physical  system 


4.8: 


A,  222  C. 

Cord.  Z.C.  15h592 

a  =  15''  'J1"  58".2     ;     8  =  —30°  21'  26".5 

9,  yellow     ;     12.5,  purple 

L897.487         327.3         13.77     C 

.487         :!2G.S         13.78     C 


1897.487         327.0         13.77 

c 

1897.487         326.6          L3.47 

See 

\  223  ( '. 

Cord.  Z.C.  15h599 

u  =  15''  10'"  3s. 7     ;    8  =  —30°  12'  23".6 

9,  yellow      :     —  bl.  yellow 

1897.487         278.1            8.92     C 
.487         278.7,           8.76     C 

1897.487         278.3          8.84 

Third  star  n.f.  35". 

C 

1897.556 


11.3 


0.19± 


A,  224. 

<  ord.  DM.  31  '11848 

u  =  15"  ll1"  57s.5     :     8  =  —31°  41'  24".4 

9,  yellow      :     10.5,  yellow 

1897.534         344.9  2.7:; 

.534         345.2  2.82 


Excessively  close,    elongation   and  parallel 
fringes  distinct. 


1897.534         345.1  2.7S 

Faint  system  between  two  brighter  stars. 


X    997 

A,  __  ,  . 

Cord.  DM.  30  12115 
,i  =  I51'  12'"  32s.'.)     ;     8  =  —30°  47'  37".6 
1 1.2.  yellow  13.2,  bl.  yellow 

1897.430         117.:;  7.90 

.430         118.3  7. .72 


1897.430 


L17.8 


r.71 


A,  228  =  Gi6  Cireiui. 
Cord.  G.C.  20775 
a  =  15''  15'"  4*.4      ;      8  =  — 60    17'4S".5 
6,  yellow     :     14.1,  purplish 
L897.142         119.2  5.58 

.142         120.0  5.53 

.159         119.6  7.01 


1807.148 


119.6 


6.04 


Companion   exceedingly  ohscure  and   diffi- 

eult. 

A,  220  =  g),  Lupi. 

Cord.  G.C.  20793 

a  =  151'  15"'27\7      :     8  =  —35°  53' 53  VI 

.1 ;.' 

5,  reddish     ;     15,  purple 
1897.386         241.0         16.50 
.386        238.3         16.98 


1897.386         239.7         10.74 

C,  14.5,  bluish. 

I  0 
1897.140         119.3         17.27 

Ex lingly   difficult  companions:    AB  re- 
sembles system  of  Aldebaran. 

A,  230  C. 
Cord.  DM.  28  11305 

a  =  15''  15'"  56s.9     ;     8  =  — 2S:  56'  30".  1 
9,  yellow     :     9.5,  yellow 
1897.542         I4S.I  3.29     C 

.7  11'        no.:;  ."..17     C 


1897,542         14S.8 
Nice  little  system. 


3.23     (' 


21  (2 


Mi;       \  STB ONOMICAL     JOURNAL 


A,  231  C. 
Cord.  Z.C. 

=  l.V'  iii">  ii-.l     :    8  -       36    10  7    1 
II. .u      :     14.  bluisl) 


L897.411         239.2        12.± 
ci.ai.N.     Verj  diffi 


' 


X.232  a 
Cord.  /.<'.  15M042 
a  =  15    !'•"  t'-'.l      :     8  =  — L'>    37'  "•' 
7,8,  or.  yellow      :     14.6,  bluish 
L897.542  50.6  8.34     C 

.542  51.7  8.63    C 


L897  542 
Y.-i\  difficult. 


51.2 


8.47     (' 


A,  233. 
Cord.  i.. i  .  20844 

u  =  i:>K  is-  2  .:.     :     8  =  -26    56'  52».2 
7,  yellow  1 1,  bluisl) 

L897.473        223.0         L3.95 
.17:;         224.4         14.20 


L897.473 


223.7 


I  l.(»7 


A,  234  -  G  1"1  Lujri. 
Cord.  G.C  20910 

„  =  l.V.r    '.'.  I      :     8  =  ^.M     14'. VIM 
...  1. 1. ni_.      :     12,  i.l.  purple 
ls:»7.17o  31.4  13.98 


A,l> 

;.->. 

Cord.  Z.C 

is 

i>1431 

a  = 

8 

33   58 

:.i'.i 

- 

yellow 

12 

.."..  l.luisli 

L897 

..Ms 

260.8 

.">.'_' 7 

.548 

259.6 

5.45 

is:  17 

.548 

260.2 

!6 

5.36 

Anon 

..(  .    20951 

a  = 

=  I.",'  22 

8 

=  —38°  17' 

in  mi 

-     - 

rellow     : 

8. 

;,  yellow 

is:  17 

.134 

247.9 

1.77 

.134 

246.3 

1.50 

.1(14 

246.7 

1.21 

L897.144         247.0  1.49 

The  place  is  thai  of  Cord.  G.C.  20959. 
system  is  S.p. 


A,  238  =  G  86  Librae. 
Cord.  G.<  .  21062 

a  =  l.")'1  27m   IS'.S     :     8  =  —  24     -'  58*.0 

.i  /; 
7.  i.  yellow      :    7.1,  yellov 


L897.504         L38.0 
.•.nl         L37.6 

L897.504         137.8 
C,  6,  yellow. 

.1  B 


!>■■ 

0.16 
0.24 


1897.504 
.504 


1 19.0 
119.3 


0.20 


9.34 
9.13 


1897.504         ll'.i.l 


9  23 


A  splendid  triple.  The  wide  pair  n  as  .lis 
covered  bj  Sir  James  Sooth  in  1824,  and  is 
relatively  fixed,  or  has  common  proper  motion. 
The  close  pair  is  likely  to  have  rapid  orbital 
motion  and  "ill  deserve  regular  attention. 
This  new  object  was  bo  well  divided  under  the 
ti  adj   ..I  mosphere  of    Arizona  that   1  showed 

il  In  visitors  tin  several  invasions  in  July. 


A,  •-':;:> 

Cord.  G.C.  21060 

a  =  l.V'  i'7'"  24".9     :     8  =       16   53'  32".l 
7.5,  yellow  12  5,  bluish 

1897.192  6.7         13.64 

a,  i'ii  i  a 

Anon 

a  =  15h  28"'  35".  fc     ;  8=  —46     13' 

8.5,  yellow  13.5,  purple 

1897.178         285.1  16.08     C 

1897.227         2.83.8         17.13     See 
1 1 panion  difficult. 

Xj241. 

Cord.  DM.  23°12411 

a  =  15h  30ta  54'.6     ;     8  =  — 23°  20' 52".7 

7,  yellow      :     10.5,  purple 

1897.502  27.4  0.95 

.502  27.3  0.99 


1897.502  27.3 

Nice  system. 


0.97 


A,  I'.' 

7. 

Cord.  Z.C 

IE 

'1474 

a  =  15h 

23"'5".l      : 

8 

20  .1 

8 

yellow       ; 

12 

:;.  purplish 

1897.479 

286.8 

9.76 

.479 

287.5 

9.88 

.518 

287.1 

9.46 

518 

287  8 

9.49 

1897.498 

287.3 

9.65 

M42. 

Cord.  G.C.  21 164 

a  =  I5h31ra39'.6     ;     8  =      30   55'  18".9 

7.  yellow     :     9.5,  hi-  purple 

1897.425  5.0  0.67 

.425  6.4  0.52 


1897.425 
Fine  system. 


0.59 


\,24 
oid.  z.i'. 

l.V 

22 1  1 

,<  =  l.V':;:: 

hi 

8 

=  —81 

. ;  . 

8, 

yellow      : 

H 

8,  ill.  \ 

ellow 

t 

a 

i', 

1897.425 

.i'ii'. 

1.H7 

.425 

•.'7.:: 

III 

1897.425 

■_'7.i  i 

1.09 

See 

1897.540 

27.0 

1  12 

C 

..-.in 

27.6 

1.05 

C 

1897.540  27.3  1.08     C 

Afl.rwanN  found  bj   [nnes. 

a,  244. 
Cord.  G.C.  21250 
i         I     ;u  .1      :     rt  -        81°  31'  2S'\4 
8,  yellow      :     9,  yellow 
1897.425  29.3  0.89 

.1:'.-,  29.3  0.89 


ls:i7,  li'._i  29.3 

Fine  close  sj  stem. 


0.89 


a,  245. 

Cord.  Z.c  I5h2441 
u  =  lo1'  36"1  84».8     :     8  =  -:)4    22'  32*.1 
9.2,  yellov      :    !i.4.  yellow 
1897.151  168.8  0.34 

.17,1  169.4  0.37 

,164         165.9  0.34 


1897.156         168.0  0.35 

Fine  little  system,  jusl  well  separated. 

A,  LMC. 
Cord.  G.C.  21291 
„  =  l.V'  ::ii"'  59".0     :     8  =  —27   39'  24  .0 
8,  or.  yellow     ;     14,  bluish 
1897.485        310.4         14.16 
.485         309.7         13.67 


is: 1 7.  is:, 


310. 


13.91 


The  ii. p.  star  of  a  wide  double, 

A,  L'I  7. 
Cord.  G.C.  21294 
a  =  l.V"  37m  13'.0     :     8  =  —39°  7'31".0 
7.9,  yellow      :     14.5,  purplish 
1897.383         277.8         13.50 
.:;s:i        i'7s.i        i:i.ol 

1897.383         278.6         13.25 
Very  difficult. 

A,  IMS. 

Cord.  G.C.  21829 

„  =  ir,i;is»  4l'-.4     :     8  =  — :14    17' 8  .9 

8,  yellow      :     8,  yellow 

1897.479         190.±         0.20± 

Excessively  close  pair. 


N--  l:;i    132 


I'll  E      ASTKONOM  ICA  I.     .1  (»  I    II  N  A  I. 


203 


V 

M9  =  ( 

1  1 

11  Lvi 

Cord.  G 

C. 

21874 

u  =  16h  41 

'  0".:;     ; 

8 

=  -  31 

AB 

:...s.  or.  j 

!llow     ; 

14 

.  purpl. 

t 

e„ 

t>„ 

L897.373 

129.9 

1  1.77 

.373 

L31.8 

1  t.83 

.556 

L28.3 

L5.54 

.;;.-><; 

130.8 

15.55 

37    35' 54".] 


1897. 401         L30.2         15.17 

Very  difficult.     C,  14.6,  bluish. 

.1  C       Harvard. 

1897.373         225.0        25.36 

.373         227.0         25.28 

.556         225.6         24.31 


1897.434 


226.1 


24.98 


50. 


Cord.  Z.C.  l.">h:iolsi 
u  =  15"  44™  40".:;     ;     8  =  —  ::4   44' 
8.2,  yellow       ;     S.S,  yellow 

1S-.I7.470         100.5  0.58 

.479         100.9  0.54 

1897.479         100.7  0.56 

Fine  system,  nicely  separated. 

A,  251   -  pScorpii. 
Cord.  G.C.  21592 
o  =  l.->''  50'"  42-. li     ;     8  =  —28    55' 
3.2,  bl.  yellow     :     13.7,  bluish 
1897.485  98.6        38.10 

.485  9S.ii         38.71 

1897.485  98.3        38.41 

Faint  companion  to  bright  star. 

A.,  252. 
Cord.  Z.C.  15h3468 
a  =  15h  51m  3*.6     :     8  =  —  40°  42': 
.1  B 
8.5,  yellow     :     8.5,  yellow 
1897.211         281.8  0.37  est. 

.211         281.1  0.38 


0".; 


1897.211  281.4  0.37 

Excessively  close.     C,  13,  bl.  yellow. 

1897.211    *    214.5         18.43 

.211  214.0  18.44 


1897.211         214.7         18.43 
Physical  triple  of  high  interest. 

A,  253. 
Cord.  G.C.  21649 
a  =  15h  53'"  IT\o     ;     8  =  —35?  33' 
8,  yellow     :     12.3,  purple 
1897.386         126.0         13.34 
.380  120.2  13.05 


L897.386         126.1         13.64 


A,L 

54. 

Cord.  G. 

C.  21071 

(1 

=  l.V'  .-> 

1"'  -I-.:;     ; 

8  =  -46° 

:,'  12".0 

7, 

yellow     ; 

1  1 .:'..  yellow 

t 

e„ 

ft, 

1897 

.192 

193.6 

1.10 

.192 

193.8 

1.12 

1897 

.192 

19::.  7 

1.11 

(  Hose  and 

mportanl 

system. 

A,  2. 
Cord.  <.. 

15  ( '. 
'.  21680 

a 

=  I5'>  5 

-is. ii      : 

8  =  — 2.Y5 

,:■:':■!  I'M 

A  B 

7.2, 

yellow      ; 

9.2,  yellow 

1S97 

.540 

342.4 

1 5.S4 

C 

.540 

342.4 

15.70 

<: 

1897 

.540 

342.4 

15.77 

C 

c, 

14,  blui 

ih. 

1897 

.540 

21.1 

1  1 .95 

C 

.540 

20.3 

— 

c 

1897 

.54U 

20.7 

11.95 

(' 

At 

I'iple,  in 

iking  alm< 

si  an  equila 

era]  trian- 

gle. 

A,  1 
Cord.  Z.C 

56. 

.  I5h3712 

a  = 

=  15"  54 

"'  24».3     : 

8  =  —35° 

42M.V'.s 

7.S, 

yellow      : 

12,  bl.  yel 

ow 

1897 

.556 

127.0 

13.80 

.556 

127.7 

13.31 

1897 

.556 

127.3 

A,  25 
Cord.  Z.C 

13.56 

7  C. 
.  15ll3750 

a 

=  I5h  : 

.V"  28.2     ; 

8  =  -28° 

:i'0".l) 

7.2 

yellow     ; 

12,  bl.  yellow 

1897 

.542 

338. 3 

0.70 

C 

.542 

339.1 

6.86 

c 

IS'.  IT 

.542 

338.7 

6.82 

c 

A 

!  258  = 

,  Normae. 

Cord.  G.C.  21694 

a  = 

=  l.V'  .V 

'"  24«.3     ; 

8  =  -57° 

29'  33". 7 

A  B 

6.6,  or. 

yellow     : 

0.S,  or.  ye 

low 

1897 

.137 

265.2 

0.97 

.137 

265.3 

0.91 

.159 

267.7 

0.65 

1897 

,145 

266.1 

O.S4 

C, 

l  l.i,  purple. 

.1  /; 

— ,  O  -- 
2 

U  4825 

1897 

.137 

249.7 

10.98 

.137 

251.6 

11,00 

.159 

247.4 

10.S0 

1897 

.1  17. 

249.6 

10.95 

Splendid  t 

iple  of  hit 

;hesl  interest. 

TheHEBSi 

■hei.  comp 

onent  Cis  almost  fixed. 

A,  259. 
<ord.  G.C.  21701; 
a  =  lqh  55"' 32».l     ;     8  =- 86° 27' 48».6 
7. -J.  yellow      ;     7.3,  yellow 
'  Oo  ft, 

1897.427  is. 11  o".20± 

.127  17.1  0.20± 

1897.427  17.7  0.20± 

Excessively  close  system. 

A,  260  C. 
Cord.  Z.C.  I5h3786 
a  =  15»  55™  83".0     :     S  =  — 28    10'  36".0 
7.9,  yellow     ;    9,  yellow 
1897.542  21.4  6.73     C 

■542  21.7  (i.07     C 

1897.542  21.5  0.70     c 


a,  261  a 

Cord.  Z.C.   15h3794 


a  =  15'' 55"'  38».6 
8,  or.  yellow 
1S07.7.42  14.8 

.542  14.1 

1897.542 
Difficult. 


I  1.0 


8  =  —  28°  l'26».8 
14,  bluish 

10.86     C 
10.60     c 

10.73     C 


A,  262. 

Cord.  Z.C.  15h3957 

a  =  15h  58'"  2". 7     ;     8  =  — 40°  V  36".5 

S. 2,  yellow     ;     8.7,  yellow 

18!  1 7. 55!  I        328.7  1.15 

.559        328.9  0.88 


1897.559 


!2S.S 


1.01 


A,  263. 

Cord.  G.C.  2177.', 
a  =  15h  58'"  19».7     ;     8  =  —38°  56'  20".: 
6.6,  yellow     ;     13.9,   purple 
1897.419         213.8  9.19 

.419        213.8  9.18 


1897.419         213.8 

9.19 

A,  204. 

■  ord.  G.C.  21704 

a  =  l.V'.VO'"  2O-.0      :     8 

=  —32°  34'  55  ".2 

.1  B 

7.0,  yellow      ;     9.1 

,  yellow 

1897.479         339.9 

0.53 

.170         340.1 

0.57 

1897.479         340.0 

0.55 

C,  12.7,  bl.  purple. 

AC 

IS07.470             9.7 

9.99 

.479             9.9 

9.93 

1897.479  9.8  9.96 

Most  interesting  triple. 


204 


Til  E     A  STB  0  KOMI  <    Al 


(i  I    RKAL. 
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A,  265  =  G2S  Seorpii. 

A,  270  C. 

A,  27.V 

Cord.  G.C.  21854 

Cord.  G.(  .  22044 

Cord.  Z.C.  16*1227 

..  =  16*  1'"  52».6     :     rt  = 

a  =  16*  10'"  S7".l      :     8           29    29 

18     i 

„  =  16*  ]'.'"  8'.5     :    8=      in  37' 

14".  5 

B,  yellow          18.6,  purple 

7.  yellow      :     13.7,  bluish 

8.8,  yellow     :     14.2.  bluish 

*                   "                  p.. 

'                        "                        Pa 

t                   %                  p 

L897.419        297.8         16*32 

1897.534         138.0           8*08     ( 
.534         139.3          8.55     C 

1897.559         IM..".         L2.32 

.419         297.3         16.11 



.559         180.7         12.17 

L897.419         297.6         L6.37 

1897.534         L38.6           8.31     C 
Difficult. 

1897.559        181.0        12.24 
Verj  difficull  system;  the  Bouthern 

jtar  of  a 

A,  266. 

A,  271   =  A  Normae. 

sitK.li  figure  resembling  the  southern  1 

loss. 

Cord.  G.C.  21885 

Cord.  G.C.  22082 

<i  =  it;'> ::-  29".l     :    8  =      35   i 

a  =  Hi1,  12'"  20».0     ;     8  =  —42"  25' 

II    5 

A,  276. 

7.8,  yellow      :    9,  yellow 

5.2,  yellow           6,  yellow 

Cord.  G.C,  222:;:. 

L897.386        205.  ±         0.20± 

1897.134         L50.9           0.31 

u  =  101.  l'.i".  17>...     :    <5  =       13    JO 

11    8 

.386         208.  ±         0.20  ± 

.211          153.2           0.39 

7.  yellow          14.1.  bluish 
1897.556         150.4         15.16 

L897.386        206.5±       0.20± 

1897.172         L52.0           035 

relj  close  and  \.'i-\    importanl  sys- 
tem.    Not  quite  separated  with  IE 

i  Hose  system  of  greal  Interest. 

A,  272  =  G54  Seorpii. 

.556         152.3         L5.08 
L897.556         L51.3         15.12 

A,  267. 

Cord.  G.C.  22097 

Cord.  G.C.  21828 
a  =  16*  •".  '  22'.2     :     8  =  — 42   6'  52*.6 
ellow     ;    14. •_'.  lil.  purple 

1897.625         L88.3           1.96 
.625         190.2           1.89 

L897.625         L89.2           4.92 

a  =  16h  12™  4.V.0     :     o  =      35    1  1 
6.6,  yellow      ;     6.6,  yellow 

L897.383        284.5          0.25± 
.383         280.5          0.25± 
.430         279.0           0.28 
.430         280.5           0.25 
.556         280.4           0.33 

44\4 

A,  277. 
Cord.  G.C.  22241 
„  =  16*  1H"'  SIM      :     rt  =  —211    41 
8,  yellow     :    9.1,  yellow 
IS'.i7.ir„s        202.3          0.39 
.468         202.9           0.43 
.(157         201.8           0.46 

2H  Mi 

Very  difficult;  third  star  preceding  bj  10  . 

.556         280.8           0.33 

.657         20;;.  11          11.. 'is 

1897.456         280.2           0.30 

1s->7..",r,:'        202.5          0.42 

A,  268. 

Splendid  system,  just  barely  divided 

Pine  close  system,  barely  separated 

Cord.  G.C.  21980 
a  =  16*  7"'  59".9     :     o  =      38    52   33    7 
7.4.  yellow      :     7.5,  yellow 
1897.416         165.0           2.26 
.lit;         165.1            2.14 
.419         163.5          2.07 
.419         164.5          2.23 

A,  27.'!  =  G  5(5  Seorpii. 

Cord.  G.C.  22115 

a  =  l(>h  13m  27\7     :     8  =  —39=  23' 

7.S,  yellow     ;     7.8,  yellow 

1897.416         175.  ±         0.40  ± 

.41  (J         176.  ±         0.30  ± 

16'.9 

A1  27S  C. 

Cord.  G.C.  22249 

a  =  it;',  in."  39". 8     ;    8  =  — 31° 0' 

8.8,  yellow     :     8.8,  yellow 

1897.542         317.6          0.68     C 
..".41-         317.5          0.59     C 

2*.5 

1897.416         17."...".          0.35 
A  fine  close  system. 

1897.417         L64.5          2.17 

interesting  system. 

L897.542         317.5          0.63     C 

A,  274. 

a  269  -  G  45  Nortnae. 

(  ord.  Z.C.  16*1157 

A,  279. 

Cord.  (..('.  22013 

a  =  16*  IS'"  18M      :     8  =       10    24 

41  'A 

Cord.  G.C.  2227:. 

a  =  16*  '.'"'  S6».  1      :     o  =  —52   50'  5".  7 

.1  /; 

a  =  HI1'  21"'  36».8     :     6  =  —51    19' 

lO'.S 

A  B 

6,  j  ellow          18,  1.1.  purple 

7.5.  yellow      :     12.8,  bl.  yello 

V 

6.5,  yellow     :     6.5,  yellow 

1897.419         243.2          5.38 

1897.230         339.7           9.56 

L897.230         213.4           0.20± 

.559         240.9          4.47 

.230         213.4           0.20  ± 

.559         241.5           1.40 

A,  280  '  . 

L897.230         213.4           0.20± 

1897.512         241.9           1.75 

C,  14.  bluish. 

C,  1 1,  bluish. 

(  ord.  /.<'.  16*1875 

i  /; 

A  C 

a  =  16b  28  '  54  .3     ;     8            18    54 

:'.".4 

,     ' 

L897.559         294.3         12.94 

S.  yellow             1  4.2.  purple 

1897.230            5.4         21.32 
.230             I.e.         20.83 

J).  18,  yellow. 

.1  l> 
L897  119        251.6        26.93 

L897.548         249.1           8.08     C 
.548         249.1           8.46     C 

230            5.0         21.07 

L897.548         249.1           K.27     C 

Fine  brilliant  triple. 

A  quadruple  in  the  center  of  a  cluster. 

Difficult. 

Nos-  431-432 
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A,  281. 

Cord.  Z.C.  l  i-.i- 1 ; i;>7 

a  =  16h  30'"  25".  1      ;     8  =  —33°  50'  58 ".  1 

A  B 

8.2,  bluish     ;     13.3,  bluish 

t            e„           pc, 

L897.479         -•■•;::          9.28 
.479         254.6          8.97 

a  =  161"  ■'•> 
8, 

t 

L897.485 
.485 

X,  286. 
Cord.  G.C.  22688 
m  37".5     ;     8  =  —27°  10'  8".S 
yellow     ;     1 1.5.  bl.  yelhyn 

\       r 

30.5        11*28 
30.5         ll.lo 

ls'.i7.485          30.5         11. -I 

X,  287. 
Anon.,  near  Cord.  G.C.  22663 
a  =  16h  39m  56".5     ;     8  =  —39°  22'  :'.l "::, 
10.2  yellow,     ;     11.2,  bl.  yellow 
1897.416           54.1          11.02 
.416           54.2         10.81 

1ND7.47'J        255.4          9.12 

C,  14.8,  bluish. 

AC 
1897.479         244.2         18.37 

X,  282. 
Cord.  G.C.  22515 
a  =  10h  32'"  50". 0     ;     8  =  — 34"  0' 25".  1 
8.5,  yellow     ;     12. s.  bl.  yellow 

1897.655         205.3           2.42 
.655         201. i;          2.56 

1897.416 

K 
a  =  16h  42 

6.2, 

1S'.)7.IL'.". 
,42.-. 
.518 
.518 

54.2         10.91 

L897.655         205.0          2.49 

X,  283. 

Cord.  (i.e.  22520 

a  =  16h  33'"  31»,0     ;     S  =  — 39°  43' 26".2  # 

AB 

7,  yellow     ;     13.3,  purple 

1897.627         183.3         11.64 

.627         183.6         11.60 

388  =  G  '.)  1  Scorpii. 

Cord.  G.C.  22714 
"46».7     ;     8  =  — 33°50'17".9 

A  B 
yellow     ;     13.3,  bl.  yellow 

133.9         19.13 
135.4         19.59 
136.8         19.39 

1897.627         183.4         11.62 

136.8         19.14 

C,  10,  purple. 

A  C 
1897.627         268.9         25.20 

A,  284  =  G  80  Scorpii. 
Cord.  G.C.  22583 

1897.472 

C,  13.4,  bl. 

1897.518 
.518 

135.7  19.31 

yellow. 

AO 
162.2         20.13 

162.8  19.95 

a  =  16h  35'"  47".0     ;     8  =  — 36°  53' 1".4 
0.4,  orange     ;     7.5,  purplish 
1896.608           90.2           1.03  Q 
.627           92.3           0.78 
.638         100.6          0.90 

1896.624           94.4           0.90 
Q)  Shown  to  Mr.  Ai.van  G.  Clark. 

1897.373           86.4           1.12 
.425           85.0           0.97 

1S'.)7.518 

a  =  10h  44 
7, 

1897.463 
.463 

162.5         20.04 

X,  289. 
Cord.  G.C.  22747 
■"  14".4     ;     8  =  — 31°27'46".0 
orange     ;     15,  dingy 
99.6           3.37 
99.4           3.49 

1897.399           85.7           1.04 

1897.540           87.0           0.93     C 

Beautiful  double,  independently  discovered 
by  I.nm:-. 

X,  285. 

Cord.  Z.C.  10h2550 

a  =  10h  38'"  7".5     ;     8  = —27°  14' 51".  1 

8.3,  yellow     ;     13.1,  bluish 

1897.485         259.4         14.37 

.485         259.4         14.67 

1SH7.463           99.5           3.43 

Companion  extremely  difficult,  shining  witli 
a  singular  dull  luster.     Very  remarkable  sys- 
tem. 

A,  290. 

Cord.  Z.C.  16h3065 

a  =  10h  45m  21».5     ;     8  =  —35°  17'  IS".  1 

7.8,  or.  yellow     ;     13.2,  bl.  purple 

1897.386           72.4         10.35 
.386           72.6         10.51 

1897.485         259.4         14.42 

1897.386 

72.5         10.43 

a,  291. 

Cord.  G.C.  22704 

a  =  161'  46"i  7".8     ;     8  =  — 25°  25' 51".2 

7.'i,  yellow     ;     13.9,  hi.  purple 

*  Qo  Po 


L897.655 
.655 


7.0 
6.8 


2.69 
2.60 


L897.655  6.9 

Exceedingly  difficult. 


2.64 


A,  292  -  £,  Scorpii. 

Cord.  G.C.  22812 
a  =  101'  40'"  5(i».4      ;     8  =  —  42°  11'  4:!".s 
5,  yellow     ;    5.7,  yellow 
1896.698         190.  ±         0.25 ± 
.701         190.  ±         0.25  ± 
1897.148         175.0  0.20 


1890.849         185.0  0.23 

Excessively  close,  fine  system. 

A!  293  =  Glol  Scorpii. 
Cord.  G.C.  22814 
a  =  10h  47'"  0».0     ;     8  =  —41°  38'  23".4 
AB 
~2~' 
6.3,  or.  yellow     :     14.7,  bluish 
1897.493         131.2         18.49 
.502         125.9         lS.OlC1) 


1897.497         12S.5         18.25 

(')  Very  difficult,  a  tree  obstructing  the  vision. 
D,  14.  bluish. 


1897.493 
.493 
.502 


282.1  20.85 
282.5  20.96 
282.7         20.88(1) 


1897.496         282. 1 


20.90 


(')  Large  star  examined  under  various  pow- 
ers; double  in  270°,  0".2;  perfectly  sure. 

AB 

7,  orange     ;     7,  orange 
1897.502         270.  ±  0.2  ± 

Splendid  quadruple  of  high  interest. 

A,  294. 
Cord.  C.(  .22817 
a=10M7m2".7     ;    8  =  — 41°  37' 32".2 
AB 
7.1,  or.  yellow     ;     14.7,  purplish 
1897.502  51.1  6.41 

C,  10.0,  purple. 

A  C  =  I,  4892 
1897.381         301.5  9.28 

.381         300.8  9.06 

.502         300.7  8.80 


1897.422         301.0 
B  is  very  difficult. 


9.0t 
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A,  295. 
Anon. 


10.2,  yellow 


1897.381 
.381 
502 


11.3 
L3.2 
L3.6 


8  =  —ii 
12.2,  bl.  yellow 

Po 

1    SI 

1.78 
6.03 


L897.421 


12.7 


5.22 


A,  296. 
Cord.  G.C.22818 

a  =  101'  47"'  5«.S     ;     S  =  —41°  3 1   21  .0 
6.9,  yellow     ;     18.8,  bl.  yellow 

L897.503        242.1         20.00 


A,  297. 

Cord.  G.C.  22822 

c.  =  10h  47'"  S-.9     ;     8  =  — 41°  39'  22".5 

AB 

7,  or.  yellow     ;     13,  purple 

L897.381         128.5        L3.47 
.381  128.8         13.31 


L897.381         L28.6 
C,  13.1,  purple. 


L3.39 


1897.381 


A  C 
119.5         24.01 


A,  298. 

Anon. 

a  =  16''  47™  lO'.S     ;     8  =  — 11    35'  47 ".>'> 

.1  B 

9,  yellow     ;     10,  yellow 

L897.383         323.6         18.28 
.383        323.6         18.64 


L897.383        323.6        18.46 

C,  13.5,  bl.  yellow. 


.383 


BC 
282.0  5.98 

281.6  6.14 


1897.383         281.8 


6.06 


A,  299. 

Anon. 

a  =  16h47'"  12\3    ;    8  =  — 41°  36' 1'.8 

AB 

9.5,  yellow     ;    12.  bl.  yellow 

1897.502         284.1  6.53 

C,  11 

A  C 
Ills         L7.66 


A,  300. 
Anon. 

a  =  16"  17'"  l:;-..">     :     &  =      U°40    10  ,0 
-      111.  yellow      ;      14.1,  bluish 

*  Qo  Po 

L897.383        267?6  7.56 

.383        267.0  7.21 

,502        265.7  7.  Hi 


L897.423 


266.1 


7.41 


A:  301. 

Cord.  Z.C.  I6h3223 

a  =  10>' 47"' 24».s     ;  8  =  —  41  >4l 

7.6,  yellow     ;  11.5,  purple 

L897.381           51.0  7.61 

.381           50.8  8.22 

.502           51.7  7.61 


L897.421 


51.5 


7.S1 


\j302. 

Anon, 
a  =  16*  17'"  28».5     ;     8  =  —41°  43'  2".l 
12,  bl.  yellow     ;     13,  bl.  yellow 
L897.383  37.3  L.62 

.383  36.1  L56 


L897.383 


36.7 


1.59 


A,  303. 
Cord,  i i.e.  22845 
a  =  16h  4Sm  l'.O     :     8  =  — 41°  55' 35».9 
7,  or.  yellow     :     12.2,  purple 
L897.373         164.2         21.00 
.373         102.0        21.70 


L897.373 


163.5 


21.83 


A,  304. 

Cord.  (..<'.  22847. 

a  =  1 6h  48"'  2».  1     ;     8  =  —40°  21 '  5!  ' ' .  2 

7.:'.,  or.  yellow     ;     13.8,  bl.  purple 

1897.373         244.9         19.04 

.373         245.0         1S.60 


L897.373         245.0 


18.82 


A,  305. 
Anon, 
a  =  10"  4S">  3K4     ;     8  =  —  39°  21'  1S".3 
9.9,  yellow     ;     13.3,  bl.  yellow 

L897.463        328.9  7.96 

.463        328.6  7.87 


L897.463 


328.8 


7.91 


A,  306. 

Cord.  G.C.  22865 

a  =  16h4Sra32'.7     ;    8  =  — 39°  19' 16*.4 

7,  yellow     ;     13,  purplish 

L897.463        350.2         15.31 

.463         350.1         15.49 


L897.463         350.1 


15.40 


A,  3(17. 
Anon. 
16h48m32«.9     ;     8  =  —  39°  17'  2'. ".•_' 
9.5,  yellow     ;    12.7,  bl.  yellow 

*  $o  Po 


L897.463 

.463 

98.0          7.52 
93.3           7.55 

L897.463 

93.1           7.53 

a  =  lO"  48 
9, 
L897  163 
.463 

A,  .'iOS. 
Cord.  /..C.  U;1'.:  (81 
"»  38".8     ;    8  =  —39°  18'  22\6 
yellow     ;     13.7,  bluish 
178.2          4.43 
179.7           4.62 

lso7.li;::        170.0 


4.52 


A,  309. 

\  iniii. 

a  =  Hi1'  48 "45 -.  I     ;     8  =  — 39°  18' 13".5 
7.8,  yellow      ;     14.3,  bluish 

L897.463         L52.8  9.60 

.463         L51.6  9.34 


L897.463         152.2 
Very  difficult, 


0.17 


a,  310  =  G 108 Scorpii. 
<  ord.  G.C.  22870 

a  =  16''  1-'"  4.V.4     ;     8  =  — 89°  20' 82'.8 
7.  orange    ;    13.8,  bluish 
lso7.li;:;         125.7         12.64 
.463         125.5         12.04 


lso7.li;:; 


125.0 


12.34 


A!  311  =  Gill  Scorpii. 
Cord.  G.C.  22915 

«  =  16*  in1"  ■'.-".•"■     ;    8  =  —  31°  s'  i.;".> 
7.:.,  yellow      :     1 1.9,  dingy 
L897.468      '  L28.7  3.31 


.  n;s 

129.1 

3.19 

1897.468 

128.9 

3.25 

Companion 
a  dull  luster. 

excessively  difficult,  shin  in  g 

with 

A,: 

S12. 

a  =  16''  49 

Cord.  /..c.  li;h3438 
54».8     ;     8  =  —31°  13' 14' 

.2 

8.8,  orange 
1897.468 

.468 

yellow     ; 
353.0 
353.1 

13 

5,  purple 
0.17 
0.43 

1897.468 

353.0 

9.30     ■ 

A,  313. 

u  =  16h  50 
8, 
1  397.627 
.627 

Cord.  (1 

ln.'.i      | 

yellow     ; 
233.1 
232.5 

C.  2 

8  = 
9.S 

2920 

=  _38°  16'  24 

,  bl.  purple 

2.48 

2.53 

.8 

1897.627 

232.8 

"2.50 
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X,  314. 

Cord.  G.C.  22927 

a  =  10h  50">  29».7      ;     8  =  —32°  10'  86*.7 

.1  B 

6.3,  orange     ;     14.5,  bluish 

*  Oo  Po 

1897.430  20?8        1  L36 

.430  21.8         L4.54 


1897.430  21.3         14.45 

C,  15,  bluish. 

BC 
1897.430         330.7  6.35 

A,  315  =  G1U  Scorpil 
Cord.  G.C.  22962 
a  =  16h  52'"  6".2     ;     8  =  —37°  27'  50".4 
7.2,  yellow     ;     7.2,  yellow 
1897.518         203.7  0.31 

.518         203.0  0.31 


1897.518         203.4 
Very  fine  close  system. 


0.31 


X,  316  =  Gr  29  Arae. 
Cord.  G.C.  22980 
a  =  16h  52m  54».2     ;     8  =  —48°  29'  33" 
7.4,  yellow     ;     8.1,  yellow 
1897.145         177.7  0.40 

.164         179.3  0.69 

.164         179.9  0.68 


1897.158         178.9 
Fine  system. 


0.59 


Aj  317. 
Cord.  Z.C.  16h3807 
a  =  16h  55m  30».2      ;     8  =  —  29°  31'  3l".5 
8,  orange     ;     13.5,  bl.  purple 
1897.638         356.2  9.78 

.638         357.0  9.47 


1897.638         356.6 
Third  star  in  line,  35". 


9.62 


X,  318. 

Cord.  Z.C.  KSM113 
a  =  16h  59">  20s.  6     ;     8  =  —38°  29'  29  ".5 
8,  yellow     ;    8.5,  yellow 
1S97.627         234.6  0  29  est.  0".3 

.627         236.0  0.30 


1897.627         235.3  0.29 

Excessively  close,  fine  system. 

X,  319. 

Cord.  Z.C.  17h64 

a  =  17h  2'"  23».9     ;     8  =  —26°  42'  19".2 

8.2,  yellow     ;     13.1,  purple 

1897.649    '     207.5  7.49 

.049         208.8  7.25 


L897.649 


208.1 


7.37 


X,  320  -  G  1-7  Scorpil 
Cord. G.C.  28257 

a  =  17''  5'"  21 -.8      ;     8  =  —39°  22 
7.7,  yellow     ;    8.8,  yellow 

'  0„  Po 

1897.668  L".i7.1  o.V,i' 
.668  293.8  0.55 
.673    291.0    0.70 


L897.669    294.0    0.62 

Close,  but  well  separated. 

Xx321  =  G  131  Scorpil 

Cord.  G.C.  23306 

a  =  17"  7'"  31».S     ;     8  =  — 39°  38' 53".0 

.1  B 

7.5,  reddish      ;     7.8,  reddish 

1896.671  90.  ±  0.50  ± 

.681  104.5  0.52 

.692  101.6  0.60 

.692  102.3  0.71 


1896.689    102.8     0.61 

Distance    est.  0".35;     measured    distances 
probably  too  large. 
C,  10,  purple. 

=^,  C  =  7*4926 
1896.692         331.8         15.65 

Z>,  11,  purple. 

¥'» 

1896.692         206.7         17.65 
Interesting  quadruple. 

Xi322  =  G135  Scorpil 

Cord. G.C.  23352 
a  =  17h  9™  16s.  4     ;     8  =  —33°  37'  20".3 
7.5,  yellow     ;     7.6,  yellow 
1897.430  0.5  0.21 

.430  2.0  0.19 


1897.430  1.3  0.20 

Excessively  close,  fine  system. 

X,  323. 
Cord.  G.C.  23353 
a  =  17h  9"'  20s.5     ;     8  =  —38°  13'  21".l 
7.6,  yellow     ;.    7.9,  yellow 
1897.518         185.0  0.21 

.518         183.7  0.19 


1897.518         184.3 
Fine  close  system. 


0.20 


Xi  324. 

Cord.  G.C.  23396 

a  =  17h  11™  15".4     ;     8  =  — 3S°  3' 13".4 

7.5,  yellow     ;     7.5,  yellow 

1807.717  36.3  0.25  est.  0".18 

.717  34.1  0.29 


1897.717  35.2 

Close  and  difficult. 


0.27 


a,  325. 
Cord.  G.C.  23494 

=  17h  15"'  44-.4     ;     8  =—30   24'  6  .0 
8,  or.  yellow     ;     10.5,  or.  yellow 


Po 


IS!  (7.502 

233.] 

I  35 

.502 

232.5 

4.13 

1897.502 

232.8 

4.24 

V 

126. 

O.A. 

16672 

a  =  17" 

6' 

5'.  4     ; 

8  =  — 20°38'31".8 

8.4 

yellow     ; 

How 

1-897.649 

13.3 

0.57  est.  0".:> 

.649 

14.2 

0.61 

L897.649  13.7 

Just  well  separated. 


0.59 


X,  327  =  G  145  Scorpil 

Cord.  G.C.  23505 

a  =  17"  10'"  7'.4     ;     8  =  —37°  7'  18" 

5.5,  orange     ;     14.4,  bluish 

1897.463         221.8         20.13 

.If,'.         221.6         20.18 


1897.463 


221.7 


20.15 


X!  328  C. 

Anon,  near  Cord.  G.C.  23584 

a  =  17h  19m  24«.7     ;     8  =  — 50°  32'  28\4 

11.5,  bluish     ;     12.5,  bluish 

1897.170         274.5  2.64     C 

Interesting  faint  system.  Place  of  Cord.  G.C. 
23584. 

Xt  329  C. 

Cord. G.C.  23671 

a  =  171'  22'"  478.5     ;     8  =  —23°  21'  29".  1 

8,  yellow     ;     12,  purple 

1897.673         112.0  3.39     C 

.07:;        112.5  3.46     C 


1897.673 


112.2 


3.42     0 


X,  330. 

Cord.  Z.C.  17M504 

a  =  17''23">47s.5     ;     8  =  —  30°  10'  40".0 

8.1,  or.  yellow     ;     9.7,  or.  yellow 

1897.502         169.3  1.68 

.502         168.9  1.56 


1897.502 


169.1 


1.62 


\  331. 

Cord. G.C.  23095 
a  =  17h  24"'  5".9     ;     8  =  — 4S°  40'  26  .:, 
7,  yellow     ;    8.2,  yellow 
1897.192         193.5  0.68 

.211         104.1  0.73 


1897.201         193.8  0.70 

Close  system  of  high  interest. 
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A    332. 

Cord.  X.C.  17*1542 

a  =  17*  24=  18«.5     ;     8  =  — 27 

.1  B 

7..").  yellow     :     11.8,  purple 

t  Oo 

lv.i:. To,;         188.9  7.83 

.706         Is-  i  7.74 


L897  706         188.7  7.78 

purple. 

AC 
L897.706        356.6         !';^"' 

X,  :;:;::  C. 
Cord.  G.C.  23766 
a  =  1  i  ;     8  =  —44    I 

7,  yellow     :     13,  bluish 
1897.463        286.8        13.85     C 

Xj  331  =  X  Scorpii. 
■ 
a  =  17h  26'"  49".0     ;     8  =  —37°  1'  50".G 
.1/.' 
2,  bl.  yellow     ;     14. 'J.  bluish 
1897.625         L09.4         42.05 
,625         109.4         41.42 


1897.625         L09.4         11.73 

C,  12,  bl.  yellow. 

AC=  A218 
1897.419        331.0        94.88 

B  is  very  difficult;  the  system  A  B  is  similar 
to  that  of  Fomalhaut. 

X,  335  =  6  Scorpii. 

Cord.  G.C.  23849 

a  =  17*  30"  7'.9     :     8  = —42°  50'  2.1 

2.  reddish      :     14.  greenish 

1896.695  320.  ±  6.02 

,698  320.6  5.00 

.Tin  323.6  7.20 

.703  322.3  6.80 

.Tim  320.2  5.24 

.709  322.6  7.16 


F02         321.5 


L897.192 

.TiH 


313.3 
318.5 


6.24 

6.80 
6.74 


1897.446        316.9  6.77 

Magnificent    system  of  surpassing  interest; 
::•■    most    difficult    of   known    double 
stars.     System  similar  to  those  of  a  Phoenicia 
and  m  Co 

X,  336. 
O.A.  17158 

a  =  17     ..'     I."     ;     8  =—18°  36 

i  How     :     13.5,  bl.  yellow 
1897.597  96.0  3.51 

.597  95.1  3.58 


1897.597  95.5  3.54 

Tree,-  ling  of  a  wide  double. 


x,  337. 

X,  343. 

i  ord.  DM.  21 

Cord.  G.C.  24363 

a  =  17*  S9n  12-.0     ;     8  =  — 28°  0 

«  =  17*51""  12". 4     ;     8  =  — 35°69'S8".6 

8,  yellow          '.'."■,  bl.  yellow 

.1  /;      Syd.,  806 

t                 0„               p , 

7.:;.  yellow     ;    8.8,  purple 

O                              " 

t                  <?„                 P„ 

L897.485          10.2          9.89 

.485           in::         li».  11 

1896.602           111           2*.8± 

1897.485           L0.2         10.01 

.663          16.3          3.39 

.695          15.3          2.39 

a,  338  C  =  I,  Scorpii. 

L896.653          L5.2          2.89 

Cord.  G.C.  24107 

C,  18,  purple. 

u  =  17''  in    :r,M     ;     o  =  -  40   5'  17\3 

.1  c 

3,  or.  yellow     :     14.1,  bluish 

L896.602        [90.±]     [7.±] 

L897.660          94.6        37.77     C 

.663          97.0         L1.27 

L897.468          95.0         38.92     See 

.695          95.  ±        L0.73 

.660          93.6        3S.21     See 

1896.679          96.0         L1.00 

.660          94.5        3S.08     See 

1897.596           94.4         38.40     See 

X,  344. 

i  ord.  G.C.  24885 

A,  339. 

a  =  17*  52"'  4«.2      ;     8  =  —36°  50'  59*.  1 

8.1,  purple     ;     13,  purplish 

Cord.  Z.C.  17*2653 

u  =  1 71'  40'"  4S«.4     ;     8  =  —43°  24'  23".4 

L896.698       [170.±]     [l.±] 
.732        159.8           1.25 

7.  yellow      ;     10.5,  purple 

.732         L55.0           1.63 

L897.703         337.1         14.11 

.734         155.S           1.54 

.703         336.7         13.70 

L896.733         156.9           1.47 

1897.703         337.0         13.90 

Nicely  separated  but  delicate. 

Xj  340  =  G  Scorpii. 

^  315. 

Cord.  G.C.  2417!> 

Cord.  G.C.  24489 

u  =  17h43m28.8     ;     8  =  —  37°  0'  41".7 

u  =  17*  55'"  48'.7     ;    8  =  —43°  27'  38".7 

AB 

6.2,  yellow     ;     11,  purple 

8,  orange     ;     14.0,  purple 

L897.753         139.2         16.  IT 

1897.430         200.8         26.25 

.753         138.5         16.51 

.430         200.5         26. 52 

L897.753         138.8         16.34 

1897.430         200.6         26.38 

System  resembling  Aldebaran,  and  equally 

X]  346  =   If"  Sagittarii. 

difficult. 

Cord.  (i.e.  24577 

C,  14.7,  bluish. 

a  =  171'  58™  37".8     ;     8  =  —29°  35'  :;".2 

AC 

All 

1897.430         103.2         41.72 

4.0,  or.  yellow      ;     14.6,  bluish 

L897.485         233.9        33.33     . 

.485         232.9        33.44 

X  341  C. 

Cord.  G.C.  24188 

1897.485        233.4        33.38 

a  =  17h  43">  20'.8     ;     8  =  —41°  36'  57  '.  - 

C,  13.0,  bluish. 

8,  yellow     ;     14,  bluish 

AC 

L897.468          66.T         19.68     C 

L897.485          99.2         47.30 

Very  difficult. 

Faint  companions  to  a  well  known  variable. 

X,342  =  G179  Scorpii. 

X,  347. 

Cord.  G.C.  24266 

Cord.  Z.C.  18*244 

a  =  17M6'"4:>.2      ;     8  = —34°  52' 14".  1 

a  =  18*  5'"  17-.7     ;     8  =  —37°  3'  4:;  '.9 

6.6,  orange     ;     7.2,  orange 

8.3,  yellow     ;    8.6,  yellow 

L897.627         284.2          0.43 

L896.668          51.8          0.45 

.627         285.1           0.41 

.698          54.8          0.61 
.698          54.3          0.51 

L897.627         284.6          0.42 

Most  interesting  system,  barely  separated: 

1896.688          53.6          0.51 

in  a  great  cluster  in  the  Milky  Way. 

Fine  system. 

N-   i::i    KI- 
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X,  34: S  ( '. 

Cord.  G.C.  24847 

a  =  lis''  8m  59".4     ;     8  =  —24°  1'  37".7 


10,  yellow 

Po 

0.03 

l».71 


9,  yellow 

1897.671         310?3 
.071         310.0 

1897.671         310.1  0ie7 

Nice  system,  well  separated. 


A,  849. 

Anon.,  near  Cord.  G.C.  24860. 

a  =  IS1'  9"'  398.0     ;     8  =  — 18°  40'  37".5 

S,  yellow      ;     1:1.7,  bluish 

1S07.717  121. S  10.83 

.747         123.6         11.34 


1897.747 


122.7 


11. (»S 


Xx  .350  C  =  8  Sagittarii. 

Cord.  G.C.  24987 
a  =  lSh  14'"  35».3      ;     8  =  —  29°  52'  12".S 
3,  or.  yellow     ;     14.5,  bluish 
1896.709       [270.  ±]    [28.  ±]     G 
.731         276.4         25.78     See 


1896.720         276.4         25.78     See 

C,  15,  bluish. 

A  C 

1896.731         165.1         40.14     See 

D,  13,  bluish. 

AD 
1896.731         221.3         58.13     See 
Very  faint  companions  discovered  by  Mr. 

COQSIIALL. 

Aj  351  =  e  Sagittarii. 

Cord.  G.C.  25060 

a  =  18h  17"'  32».2      ;     8  =  —34°  25'  50".5 

2,  orange     ;     14.3,  bluish 

1896.714         292.7         31.36 

.728         297.4         33.19 


1896.721         295.1         32.48 
Difficult. 

\  352. 

Cord.  Z.C.  1S''1117 

a  =  18h  19m  12».2     ;     8  =  —30°  16'  9".5 

7.5,  yellow     ;     13.9,  dingy 


1897.706 
.706 


72., 


2.98 

2.94 


1897.706  72.8  2.96 

Very  difficult  system. 

Aj  353  =  Gr  75  Sagittarii. 

Cord.  G.C.  25259 

a  =  lSh24m31V2      ;     8  =  — 33°  3'  17".3 

AB 

6,  yellow     ;     0,  yellow 

1897.742         265  ±         0.18  ± 

Just  divided  with  power  of  1500. 
C,  11.6,  purple. 


A,  .'153  =  <;  7 '5  Sagittarii  (cont.) 
-  ''',  C  —  (31128 


1897.717         190.5  3.22 

.712  197.7  3.87 

.7  12         196.6  1.02 


L897.734         L97.9 

D,  13,  purplish. 

AB 


3.70 


1897.742        337.2        29.26 
Quadruple  of  great  interest. 

A,  354  =  G  76  Sagittarii. 

Cord. G.C.  252S5 
a  =  18h  25'"  348.8     ;     8  =  —18°  28'  15".5 
5.8,  yellow     ;     14.7,  bluish 
1897.736         182.9         25.51 
Faint  companion  to  bright  star. 

A!  355. 
Cord. G.C.  25376 
a  =  lSh  29"  298.6     ;     8  =  —19°  20'  48".3 
6,  orange     ;     13.9,  purple 
1897.720         238.9         13.15 
.720         239.3         12.92 
.747         238.0         12.47 
.747         238.7         12.26 


1897.734 


238.9 


12.95 


A,  356. 

Cord.  G.C.  25536 
a  =  IS11  36«>  198.0     ;     8  =  —29°  34'  23".6 
7.8,  yellow     ;     8,  yellow 
1897.706         133.5  3.97 

.706         134.5  3.94 


1897.706 


134.0 


3.96 


Aj  357. 
Cord.  G.C.  25575 
a  =  IS1'  3S">  0».l     ;     8  =  —29° 31'  39".5 
AB 
S,  yellow     ;     12.5.  purple 
1896.772         174.2  2.30 

Close,  but  well  separated. 
C,  12.3,  bluish. 

AC 

1S96.753         288.6  13.46 

.772         291.4  13.11 

.772         292.8  13.<>2 


1896.766        290.9 

Interesting  triple. 


13.20 


A,  358. 

Cord.  G.C.  25591 

o  =  18h  88m  S3-.4     ;     8  =  — 25°  58' 40".2 

7.3,  yellow     ;     8.2,  yellow 

t  0„  Po 


1897.627 

29.8             1.92 

.627 

29.9           1.84 

1897.627 

29.6           1.88 

1897.673 

30.2           1 .36     G 

A,  859. 
Cord.  G.C  '-'5612 

u  =  I8h3l 

-  :::;  ,6     ;    8  =  -48°  58'  25 

'.9 

7.7, 

yellow     ;     8.2,  yellow 

1897.427 

16.3          o.5s 

.427 

17.5          0.40± 

1897.127  16.9 

Almost  separated. 


0.49 


A;  360  =  G  99  Sagittarii. 
Cord.  G.C.  25642 

a  =  18h  40m  18».8     ;     8  =  —22°  29'  47". '. 
•j.li,  orange      ;     14.7,  dingy 

1897.655  206.8  12.82 

.t\r,r,  205.7  12.81 

.660  211.0  12.00 

.660  211.6  12.25 

.742  209.9  12.78 

.742  209.8  12.50 


1897.696         209.1         12.52 

Exceedingly  difficult  and  interesting  system. 

A,  361. 

Cord.  G.C.  25714 
a  =  18h  43'"  6B.7     ;     8  =  — 33°  42' 28".6 
7.9,  yellow     ;     8,  yellow 
1897.625         22S.3  1.12 

.(125  225.  S  1.11 


1897.625         227.1  1.13 

Independently  discovered  by  Innes. 

Aj  362  =  G  104  Sagittarii. 

Cord.  G.C.  25735 

a  =  18M3m44'.l     ;     8  =  —  20°  20'  1S".2 

5.8,  orange     ;     14.5,  bluish 

1897.747     0.2    17.24 

.747     0.3    16.83 


1S97.747 


0.2 


17.03 


A,  863. 

Cord.  Z.C.  18h2567 

a  =  IS1'  48'"  P.2     ;     8  =  —32°  33'  _'l".l 

S.S,  yellow     ;     11.8,  bluish 

1896.755  99.0"  7.07 

.788  97.8  6.70 

.788  98.1  6.91 


1.896.777 


98.3 


6.90 


210 
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A,  364. 

A,  370 

Cord.Z.C.  IS 

Cord.  /.r.  i 

a  =  18h  49»  41«.6     ;    8  —  —  28 

a  =  1'.'                         8           35    34'  18    7 

8.1,  yellow     ;    9,  yellow 

.1  B 

*                        \                   Po 

-.."..  yellow     :     L1.5,  bluish 

*                                 ".                               Po 

1897.627           95J6          n.ll 

O                                  ff 

.627          97.2          0.42 

L896.788          91.3          1.88 

C,  10.2.  bl.  yellow 

1897.627          96.4          0.41 

i  i        i  ord.  dp]   II 

Fine  close  system. 

1896.758           63.6          6.45 

.788           68.4           7.61 

A,  365. 

L896.773          66.0           7.03 

Anon. 

D,  12,  bluish. 

a  =  lSh  55<"±     ;     8  =  —42°  54 '± 

AD 

8.6,  yellow     :    8.8,  yellow 

L896.758         1  17.3         12.1 1 

L897.753           76.6          4.34 

E,  14.  bluish. 

.753           77  i>           1.33 

/)  E 

lS97.75.-i           76.8           L33 

1896.758         L30.8          5.18 

A,  .'566. 

A,  371. 

Cord.  G.C.  26012 

Cord.  D.M.  22°13701 

a  =  18h  55™  85".l     ;    8  =  —42°  24'  29».7 

a  =  19h6"'7!.l      ;     8  =  —  22' 5' 27 ".2 

8.6,  yellow     ;     9.1,  yellow 

7.5,  yellow     ;     13. 1.  purple 

1897.753         L78.2           2.36 
.753         180.0          2.31 

L897.720         331.1           7.88 
.720        329.2           7.80 

1897.753         179.1           2.34 

1897.720         330.1           7.84 

N 

A[  37$. 

Cord.  G.c!  26425 

A,  367. 

a  =  191'  12">  28».6     ;     8  =  —33°  27'  14".8 

Cord.  G.C.  26066 

7.9,  yellow     ;     8,  yellow 

a  =  lt>h  :,T'" -:•-.  1      ;     8  =  _ 34°31'2".6 

1897.657         142.0          0.-11 

low     ;    9,  bl.  yellow 

.657         141.6          0.44 

1897.711            9.5          0.86  est.  0".70 

.793        309.4           0.43 

.711             9.8           0.74 

.793        308.9          0.43 

1897.711              9.6            n.sa 

L897.725         135.5           0.43 

Elegant  system. 

Elegant  system.     Independently  found   by 

1  \  M   -. 

A,  373. 

A!  368. 

Cord.  Z.c.  i:ii'7f,r, 

Cord.  Z.C.  i 

a  =  19h  19m  188.0     ;     8  =  — 42°5'6".9 

a  =  18h  5Sm  20».4     ;     8  =  — 31°  5' 46M 

8.2,  yellow     ;     9.5,  bl.  yellow 

8.1,  yellow     :     H.5,  bl.  yellow 

L897.793          28.9           1.24 

1896.75.';        306.7         16.81 

.793           28.3           1.07 

.775         305.4         16.79 

L897.793          28.6          1.15 

.775         305.0         16.99 

Nice  close  system. 

1896.768        305.7         16.86 

A,  374. 

Aj  369  =  o  Sagittarii. 

Anon. 

a  =  19*  20»>  21».3     ;     8  =  —40°  14'  13'.2 

G.C.  26102 

10,  yellowish     ;     11.2,  yellowish 

a  =  18>>  58™  41-.2     ;     8  =  —21°  53'  14".9 

1896.601'        [110.  ±]      [3.±] 
.605         124.8    '       5.32 

4.5,  or.  yellow     ;     14.5,  bluish 

'42         236.1         34.40 

.7(11         123.2           5.81 

.742         237.2       .34.1,7 

.701         li':;.:'          5.30 

L897.742         236.7         34.53 

L896.669         L23.7           5.48 

A,  3 

75. 

Cord    G.C.  26615 

a  =  l'>  20' 

8=  -  26    SO 

.v.r.l 

7.1. 

ellow        : 

12.2,  bluish 

t 

e0 

Po 

L897.627 

100.0 

L2.46 

.627 

L66.6 

11'.  OS 

1897.627 

100.0 

11'.. V 

A,  3 

70. 

1  ord.  Z.C.  19*848 

a  =  l'.'h  21 

9   8     ; 

8  =  — 31    84' 

52».0 

8.6,y 

ellow      : 

8.8,  yellow 

1897.657 

116.8 

0.68 

.057 

117.0 

0.72 

1897.657 

L16.9 

0.70 

Weil  separated. 

A,  377. 

Cord.  /..('.  I9h895 

a  =  19b  22' 

18".9     ; 

8  =  —32°  30' 

31"  :; 

8,3 

ellow      ; 

',i  S,  bl.  yellon 

1897.655 

297.0 

1.78 

.055 

296.3 

1.67 

1897.655 

296.7 

1.73 

A,  3 

78. 

Cord.  DM 

32  15208 

a  =  19h  22" 

lli».4      ; 

8  =  —32'  11 

85    6 

8-7,  J 

ellow      ; 

10.7,  hi.  yellow 

1896.755 

4.3 

10.15 

.775 

359.6 

10.63 

.775 

0.9 

10.62 

1896.768 

1.6 

10.47 

A!  3 

79. 

Anon 

.  near  Cord.  G.C.  26645 

a  =  19'  22" 

27".  4     ; 

8  =  -36°  11' 

17'.8 

8.8,3 

ellow     : 

12.5,  bluish 

1896.717 

271.2 

17.15 

.722 

270.2 

1 7.29 

.722 

270.7 

17.46 

1896.721 

270.7 

17.30 

Place  exact 

Aj  3 

SO. 

Cord.  DM. 

38  L3542 

a  =  19 

51'.5     ; 

8  =  — 38°  21' 

Mi'.:: 

9.7,  yellow  ish     : 

10.8,  yellowish 

1896.638 

30.7 

6.92 

.668 

29.0 

6  89 

.COS 

30.0 

6.90 

L896.668 

29.3 

6.90 

v     i:;i    132 
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A,  38 1 . 

Cord.  G.C.  26744 

a  =  l!)h  26'"  0'.4     ;    8  =  —27°  57'  S7".5 
8.5,  yellow     ;    8.7,  yellow 

*  0„  Po 

L897.717  i:U  1.54 

.717  13.2  1.56 

1897.717  13.1  L55 

A,  382. 
Cord.  Z.C.  19h1130 
a  =  19h  28'"  12". 5     ;     8  s=  —  41°  38'  7".8 
7.0,  yellow     ;     8.6,  bl.  yellow 

1897.793         293.7  2.15 

.793         292.6  2.06 


1897.793         293.1 
Nice  system. 


2.10 


A,  383. 
Anon, 
a  =  19"  29"'±     ;     8  =  —19°  25'± 
9,  yellow     ;     10.2,  purplish 

1897.791    245.7    4.05 
.791    246.7     3.93 


1897.701    246.2 


3.99 


Ax  384. 

Cord.  G.C.  26821 
a  =  10h  29'"  38".  0     ;     8  = —23°  31' 41  ".4 
7.9,  yellow     ;    11.5,  bluish 
1897.660         167.1  5.99 

.660         106.9  6.23 


L897.660 


167.0 


6.11 


A,  385. 

SD.  21°5451 
a  =  19h  31">  7».7     ;     8  =  —21°  51'  19" 
AB 
7.2,  or.  yellow     ;     14.9,  dingy 
L897.655  7.0  3.05 

.tu,r,  6.8  3.81 


1897.055  6.9  3.8S 

Exceedingly  difficult. 
C,  11,  bl.  purple. 

AC 
1897.655         300.1         27.81 


Ax  386. 

Cord.  G.C. 26876 
a  =  191'  32"'  1SS.6     ;     8  =  —41°  40'  15".3 
7.6,  yellow     ;     11.2,  bluish 
1897.793         110.6         13.64 
.70.",         110.2         13.60 


A,  387. 
Cord.  G.C.  26875 
19h82n>31".0     ;     8  =  — 45°  30' 1S".3 

7.9,  yellow      ;      s,  yellow 


L897.777 

.777 


358.5 
358.9 


f>„ 

o.ll 
0.43 


1807.777         358.7  0.42 

Exceedingly  close;   line  double. 

A,  388. 

Cord.  Z.C.  19M338 

a  =  19h  32™  52».3     ;     8  = —89°  58' 14".  7 

8,  yellow     ;     10.7,  purple 

1897.777         177.1  2.85 

.777         177.0  2.82 


1807.777 


177.il 


2.83 


1897.793 


110.4 


13.62 


A,  380  =  G  217  Sagittarii. 
Cord.  G.C.  26915 
a  =  19h  33m  49U     ;     8  =  —23°  39'  18".6 
7,  yellow     ;     7.5,  yellow 
1897.660         334.0  0.18 

.660        330.4  0.16 

.731         333.5  0.15  ± 

.731         334.0  0.15  ± 

.804         331.8  0.16  ± 

.804         327.6  0.15  ± 


1897.731 


331.9 


0.16 


System  of  highest  interest;  elongated  like 
an  egg  in  the  ratio  of  2  :  3;  the  closest  double 
star  I  have  ever  measured;  not  a  trace  of 
separation. 

This  remarkable  object  is  the  preceding 
corner  of  a  small  rhombus;  and  was  s\\  epl  up 
accidentally  on  four  occasions,  and  each  time 
recognized  as  double,  with  a  power  of  only 
500. 


A,  390. 

O.A.  10840 

a  =  19h  34'"  16".6     ;     8  =  —20°  46'  36".0 

7,  yellow     ;     13.7,  bluish 

1897.750  84.0         15.28 

.750  83.3         15.31 


L897.750 


83.7 


15.30 


A,  391. 
Cord.  DM.  30°17293 

a  =  19i>  35'"  43M     ;     8  =  —  30°  33'  56".2 
S.8,  yellow     ;     10.4,  bl.  yellow 
1896.753  35.2  6.39 

.753  36.9  6.44 

.773  36.5  6.24 


A,  392. 
Cord.  Z.C.  l!ih  1 506 
a  =  19h  86m  58».l     ;     8  =  — 39°  8' 30".l 
7.9,  or.  yellow      ;      12.8,  bluish 


t 


122.0 
128.8 
126.6 
130.0 


p„ 

9*32 
9.42 

0,11 

9.28 


L896.694 


126.8 


9.39 


s.  f.  of  a  wide  double. 


A,  393. 

Cord.  G.C.  27018 

a  =  10''  40'"  1  l».o     ;     8  =  -27°  52'  4  (\5 

8,  yellow     ;     8,  yellow 

1807.717         210.0  0.18± 

.717         212.5  0.18  ± 


1896.766 


36.2 


6.36 


1897.717 

211.2 

0.18 

Exceeding 

y  close. 

A,  394. 

Cord.  G.C.  2 

7069 

a 

=  19h40'"21».7     ;     8 

=  —25°  7'  16".3 

7.9, 

yellow     ;     8.4,  bl.  yellow 

1897 

.644 

2.S0.  1 

0.37 

.611 

2S0.0 

0.35 

.82 1 

296.5 

0.39 

.824 

298.5 

0.37 

1897 

.734 

293.6 

0.37 

Fine  system,  separated. 

A,  395. 

Cord.  G.C.  2 

7106 

a  = 

=  19h  42 

'"  12M     ;     8 

=  —26°  54'  10".5 

8.5,  wh. 

yellow     ;     8.7,  wh.  yellow 

1897 

.717 

105.6 

2.08 

.717 

106.5 

1.94 

1897 

.717 

106.1 

A,  390. 

2.01 

Cord.  G.C.  2 

7141 

a  = 

=  19i>  43"  55».9     ;     8 

=  —23°  58'  7".8 

8, 

yellow     ;     11.3,  purple 

1897 

.655 

271.S 

7.01 

.655 

271.9 

7.06 

.660 

270.7 

6.89 

.660 

270.3 

6.92 

1897 

657 

271.2 
A,  307. 

0.07 

Cord.  DM.  36°13735 

a  = 

=  19''  45 

"  18".4     ;     8  = 

=  —36°  47'  12".5 

8.6, 

yellow     ;     9.4 

,  bl.  yellow 

1896 

758 

L84.0 

7.32 

799 

1S5.3 

8.81 

799 

185.7 

8.61 

1896 

.786 

185.0 

8.25 

.'11' 
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a,  398 

Cord.  G.C.  27265 

a  =  L9  5    85    H  .'. 

7  I.  reddish     :     !::.:;,  bluish 

t  0„ 

L896.701         302°6  9.*58 

.722         307.]  10.83 

.722        308.6  10.32 

.766        308.2  10.24 

308.8  L0.76 

308.7  10.44 


1896.746 

L897.736 
.736 


307.3 

::i  in 
310.2 


L0.36 

LO  87 
L0.73 


L897.736         310.6 


L0.80 


System  of  high  interest;  miniature  of  Alde- 
baran. 


A,  399. 

Cord.  DM.  86  13788 

a  =  19><  50m  17".6     ;    8  =  —36°  38'  SS'.S 

8.9,  yellow     ;     18.2,  bluish 

1896.758  31.7  1.69 

.775  33.4  4.22 

.775  32.1  1.29 


1896.770  32.4 

Very  delicate. 


4.1(1 


A,   IOI  l. 

Cord.  G.C.  27874 

a  =  19h  54"-  20m!     ;     8  =  — 24c  13'  41  ".." 
Mow     ;     10,  purple 

L897.655  31.7  l  58 

.655  30.5  L.43 

.711  29.2  L.34 

.711  31.2  L.26 

.731  30.5  I   17 

.731  29.3  1.30 


1S97.7HO 

30.4 

1.38 

Int'  - 

system. 

A,  401  =  <;  264  Sagittarii. 

Cord.  i..i 

.  27406 

a  =  19    U 

•   -7  .1      : 

8  =  — 23°  0' 43*.5 

5.2,  or. 

yellow     ; 

14.").  hi.  purple 

1897.824 

220.7 

13.03 

Companion 

very  diffic 

at. 

A,    1' 

2. 

Cord.  G.C 

.  27 1 1 1 

a  =1! 

8  =  —36°  52'  28".0 

7.:;. 

yellow     ; 

12.5,  bluish 

1896.717 

309.9 

21.75 

.728 

310.2 

10.7.-. 

1896.7..; 

310.0 

20.75 

A,  403. 

Cord.  G.C.  27448 

a  =  I8h57 

10'  I9M 

.1  B 

7.4. 

orange     :    7.7.  orange 

t 

ft, 

1896.706 

L16.8          0.67 

.722 

no.:.          0.52 

.772 

L14.3          0.63 

1896.734 

116.9          0.61 

\  erj  One  i 

air.     ' '.  14,  bl.  purple 

A  B 

2    '  ' 

1896.706 

15.  ±         5.9  ± 

.71' 2 

24.8          7.58 

L896.714 

24.8          7.58 

A,  404  =  G  272  Sagittarii. 

Cord.  G.C.  '-'71m; 

a  =  19h  59m  9».3     ;     8  =  — 33°  16' 58".9 

A  B 

7.:,. 

rellow     :     9.5,  yellow 

1897.736 

64.2            O.I7 

.736 

66. 1           0.52 

1897.736 

65.3          0.49 

Fine  system.     C,  13.3,  bluish. 

AB 

2    •  ' 

1896.703 

181.5         2o.  7  8 

.728 

L81.5         21.26 

.788 

L81.5         21.03 

1896.740 

1 8 1 .2         21.02 

1897.736 

181.2         22.63 

Aj  40.-.. 

Cord.  G.C.  27514 

a  =  20h  ( 

29  6     :     8  =  —28°  39'  24". 0 

8 

yellow      :     S.4,  yellow 

L897.657 

234.0          0.50 

.657 

232.S            0.47 

L897.657 

233.4             0.48 

Elegant  sj 

stem. 

A,  406. 

O.A.  20244 
a  =  20h  lm  S2V7     ;     8  =  — 19°  51' 33".4 
7.9,yellow     ;     10.8,  purple 
L897.753  l.o  2.68 

.753  1.1  2.7* 


A,   107. 
Cord.  Z.C,    0 
a  =  2n  '  j  '  21  .5     :     8  =  —39°  0'  49".0 
8. 1,  yellow     :    8.6,  yellow 
t  6  p0 

1896.613        261?8  :;.ll 

.663         260.0  3.45 

.775         262.3  2.5J 

1896.684         261.1  ;;.i:i 

Beautiful  system. 

A,   I  os. 

Cord.  D.M.  82  15777 

a  =  2II1'  .V"  l!i\(>     ;     S  =       82°  8'  34".9 

8,  orange     ;     15,  dingy 

L896.755         L97.0         L4.27 

.775  192.6  14.23 

.775  L91.8         15.72 


L896.768 


193.8 


I  1.71 


Extremely  difficult,  companion  shining  «  iili 
a  dull  luster. 

A,  409. 
Anon, 

a  =  20h(3m40»±     ;     8  =  —20'::;' 
S  9,  yellow     ;     11.8,  bluish 
1so7.mii  28.9  5.1';; 

.804  30.3  5.24 


1897.804 

29.6 

5.23 

a,  410. 

Cord.  G.C.  _ 

-.-■77 

a  =  20"  7 

20  .0      : 

8  = 

36   20'32».l 

6.5, 

yellow     ; 

10. 

-'.  purple 

1896.717 

10.8 

2.46 

.717 

10.0 

2.71 

.788 

9.7 

3.04 

.788 

9.0 

3.30 

1896.753 

9.6 

2.SS 

Splendid  system. 

A,  411. 

O.  \.  20331 

a  =  20>>  8'"  22'.4     :     8  =  —20   32'  25».9 

s,  yellow     :     13.9,  bluish 

L897.747  t.8  2.7  1 

.717  5.1  2.10 


L897.747  L9 

i  !ompanion  difficult. 


1157 


1897.753 


li' 


2.73 


A,  112;  deep  red. 
Cord.  G.C  27770. 
a  =  20h  11"  15'.3     :     8  =  —  21°  37'  81  '.0 
6.3,  deep  red     ;     15,  bluish 
L897.775         211.4         25.56 
.791         I'oo.s         25.86 
.701         I'oo.l         26.17 


L897.786         210.2         25.86 

Wood  rc.l  ■.  one  of  the  most  remarkable  ob- 
jects  I   have  ever  seen.     1  know  of  i ther 

siar  which  can  compare  with  thi-  in  depth 
of  color.  Companion  very  difficult  :  remark- 
able system. 
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A,  413. 

Anon.,  near  <  lord.  Z.( '.  20,1827 

a  =  20"  1'-""  ii-.s     ;     o  -  -      33    16'  89".l 

A  B 

10.5,  bluish     :     13.7,  bluish 

t  9»  P, 

1896.753  26.0         16.75 

.785  22.0         16.28 

.802  28.9         L6.25 


1896.780  25.6 

C,  14,  bluish. 

BC 
1S96.753         142.4 
.785         138.8 
.802         141.2 


16.43 


3.02 

2.67 
3.28 


1S9G.783         140.8  2.99 

Faint  object  ;  measured  because  of  its  pecu 

liar  nature. 

A,  414. 

Cord.  G.C.  27849 

a  =  201'  13'"  228.0     ;     8  =  —27°  29'  42".S 

S. 5,  yellow     ;    9.1,  bl.  yellow 

1897.717  52.3  2.33 

.717  51.5  2.48 


1897.717 


51.9 


2.41 


A,  415. 

Cord. G.C.  27S25 

a  =  201'  13'"  52B.2     :     8  =  — 45°  51'  25*.3 

7.9,  yellow     ;     11.3,  purple 

1S97.777  80.0         11.04 

.777  78.6  11.02 


1897.777 


79.3 


11. 03 


A,  416. 

Cord.  G.C.  27894 

a  =  201'  10">  19B.0     ;     8  =  —28°  2'  40".S 

AB 

9,  yellow     ;     9,  yellow 

1897.657  63.2  0.95 

.657  63.4  l.or. 


1897.657  63.3 

C,  13,  bluish. 

^175 


1897.657 


254.4 


1.0  9 


27.30 


Xl  417. 
Cord.  DM.  35   1  1087 

a  =  201'  17"'  2K5     ;    8  =  —35°  42'  24".8 
7.7,  yellow     ;     12.5,  bl.  purple 
1896.605         141.8  4.11 

.649         138.0  3.34 

.758  140.9  2.95 

.799         141.1  3.41' 

.799         141.2  3.29 


1896.722         140.6  3.42 

The  northern  star  of  a  wide  double. 


A,  418. 

Cord.  DM.  25  I  Ml 

a  =  20h  18'"  11»,7     ;     8  =  —25°  17'  53".  1 

8.1,  yellow     ;     9.2,  purple 

t  e., 


L897.824  53.2 

.82 1  52.9 


2.71 
3.04 


L897.824  53.0 


2.87 


A,  419. 

Anon. 

a  =  201'  22'"  34". 0     ;     8  =  —  32°  15'  33".S 

9,  yellow     ;     13.5,  bluish 

L896.753  63.4  6.49 

.788  66.7  6.34 

.788  66.5  6.92 


L896.776  65.5  6.58 

The  northern  star  of  a  wide  double. 

A,  420. 

Cord.  DM.  22°14788 
a  =  20h  26m  41".9     ;     8  =  — 22°  1' 4S".0 
8,  yellow     ;     13,  bl.  purple 

1897.720  88.6  1.57 

.720  88.1  Lis 


1897.720  88.3  1.52 

Exceedingly  difficult,  interesting  star. 


A,  421. 

Cord.  Z.C.  20''89S 
a  =  20h  28m  48=.0     ;     8  =  — 40°  37' 33".l 
S,  yellow     ;     13.S,  bluish 
1896.766         273.2  8.08 

.sol'         280.0  9.10 


1896.784 


•.'76.6 


8.59 


\  422. 
Cord.  Z.C.  20h1050 
a  =  20h  33™  35M3     ;     8  =  — 39°  41' 12".l 
7.5,  yellow     ;     14,  bluish 
1897.793         225.6         18.80 
.793         224.7         18.80 


1897.793         225.1         18.80 


A,  423. 

Cord.  G.C.  28308 

a  =  20h  34"'  4».0     ;     8  =  —29°  13'  26\0 

8.2,  yellow     ;     9.5,  bl.  yellow 

1897.657  L'o.o  0.71 

.657  20.2  0.73 


L897.657  20.5 

Nice  close  system. 


0.72 


A,  124. 
Cord,  Z.C.  20ll1101 

a  =  201'  34'"  50". 7     ;     8  =  -:::;'  17' 47". 1 
9.5,  bl.  yellow      ;      11.5,  bl.  yellow 

1896.775  334J  LL66 

.sol'  334.2  11.66 

.802  334.0  11.70 

1896.787  334.1  11.67 

A,  425. 
Cord.  G.C.  28374 

a  =  20>>  3(>">  58».4     ;     8  =  —29   7'  89".  1 
7.5,  yellow      ;     12,  purplish 

1896.700         224.1  7.80 

.731  225.7  7.80 

.731         224.0  7. si 


1896.724 


224.6 


7. so 


A,  426. 
Cord.  DM.  24°16238 
a  =  20h  38'"  30".2     ;     8  =  —24°  0'  49".G 
8.6,  yellow     ;     12.8,  bluish 
1896.818  89.2  6.56 

.838  07..".  8.52 

.838  00.7  8.38 


1S06.831 


94.4 


A,  427. 
Cord.  DM.  23°16453 
a  =  20h  38'"  478.5     ;     8  =  —23°  33'  3".0 
S.3,  yellow     ;     13.5,  purplish 
1896.818         183.4  L.59 

.843         175.2  1.35 

.845         173.6  1.77 


1896.859         177.4  1.57 

Fine  system. 

.    A,  428  =  G  21  Microscopii. 
Cord.  G.C.  2S424 
a  =  20h  3S"' 52«.3     ;     8  =  — 35°  31' 38".0 
7.5,  yellow     ;     15,  dingy 
1896.668     '   193.7  1.1  1 

.696         183.9  4.29 

.696         185.5  4.79 


1896.686 


187.7 


4.41 


Remarkable  system;  the  companion  shining 
with  a  dull  luster  as  if  by  reflected  light.  The 
colorof  the  companion  is  dark  brown,  or  dingy, 
and  it  can  be  seen  only  under  the  best  condi- 
tions. 

A,  429. 
Cord.  Z.C.  20M442 
a  =  20h  45™  3S».4     ;     8  =  —38°  32'  13\6 
8.0,  yellow     ;     15,  dingy 
1896.698         190.2  2.45 


185.5 
188.1 


3.29 
2.83 


187.9 


2.86 


1896.714 

Companion  shines  with  a  dull  light,  as  in 
the  case  of  the  last  star.  Of  the  last  degree 
of  difficulty. 
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A,  430. 
Cord.  Z.C.  20M451 
u  =  20h  45m  50'.8     ;     8  =  —34°  15'  18'.  1 
7.7.  orange  12.8,  indigo  blue 

t  "  P„ 

1896.755  35o!2  i:;:.l 
.772  346.6  13.39 
.772        346.8         13.97 


L896.767         347.9         13.63 
Companion  indigo  blue. 

A,  4,'il  =  ti  59  Capricomi. 

Cord.  G.C.  28648 
a  =  20h  47'"  5C.8     :     8  =  —10°  29'  27».7 
7.2,  yellow     :     18.7,  bl.  purple 

1897.799    341.6    2.79 
.799    341.9    2.46 


1897.799    341.7 


2.63 


A,  132. 

O.A.  20936 

a  =  20"  4S'"  24».4     ;     8  =  — 19°  22' 21».2 

8.2,  yellow     ;     18.3,  bluish 

1897.775         324.3  2.24 

.77.1         324.0  2.31 


1897.775         324.1 

Faint  companion. 


A,  433. 

Cord.  DM 

24° 

16378 

a  = 

=  20h  51 

'"  24«.9     ; 

8  = 

=  —24°  40 

20".2 

9, 

yellow      ; 

!>.: 

,  yellow 

1897 

.655 

40.9 

2.52 

.655 

10.4 

2.49 

1S97 

.655 

10.6 

2.50 

\j434. 

Cord.  DM.  22  15096 

a  =  20>»  51m  3P.3     ;     8  =  — 22c  1'  2".2 

7..").  yellow     ;     11.3,  purple 

L897.804    148.9     1.61 
.804    148.0     1.48 


1897.804    lis.  I 


i.:.! 


Aj  135  —  <  r  16  Mieroseopii. 

Cord.  U.C.  - 
a  =  20>>  57™  12". 4     ;     8  =  —  28°  7'  28'.3 
7.2,  or.  yellow      ;     8.2,  or.  yellow 

1897.657    289.5    0.21  • 
.657    290.0    0.17 


1897.657    289.7    0.19 

Just  barely  divided  with  1500.   Fine  system. 


A,  436. 

Cord.  G.C.  28861 

u  =  201'  57"'  57>.U     ;     8  =  — 24:  48'  2  '.  I 
B,  yellow     ;    8.8,  yellow 

'  0.,  p.. 


1897.655 

86.9 

0.25 

.655 

87.6 

0.23 

.iii 

268  I 

0.20 

.777 

270.2 

0.24 

1897.711  88.3  0.23 

Very  tine  system,  barely  separated  with  1000. 

A,  437  —  r]  Mieroseopii. 
Cord.  G.C.  28004 
o  =  20''  .".'.>'"  55  .:;     :     S  =  — 41°  47    I     B 
4.1,  orange     ;     14.5,  bluish 

1897.791  39.8         n.:;x 

.791  39.4         43.77 


1897.791 


39.6 


44.07 


Suspect  a  third   companion   in   183°,    10* 
14  mag. 

A,  438. 
Cord.  G.C.  28913 
a  =  21»  0m  11'.3     ;     8  =  —  35°  1'  39".4 
7.:'.,  yellow     ;     14.5.  bl.  purple 
1896.810         283.5  8.81 

.851         284.2  8.55 

.851         282.1  7.58 


8.31 


A,  441. 

Cord.  DM.  25°15323 

a  =  21'' 

Bm  48s.4     ;     8  =  —24°  59'  17".9 

8.2 

yellow     ;    8.3,  yellow 

t 

»o                       P. 

1897.655 

16:6          1.96 

.li.-..-, 

17.0          2.00 

1897.655 

L6.8          1.98 

A,  142. 

cord.  DM.  39  1  H90 

a  =  211' 

11"'  22\4      ;     8  _=       39    30'  7". 5 

10.8,  white    ;    12,  white 

1896.600 

31.0           1.75 

.649 

30.7          5.26 

.663 

31.7           5.90 

1896.637 

31.1           5.30 

A,  443. 

Cord.  Z.C.  21>'3i:, 

a  =  21'1 

12m55'.7     ;    8  =  —  27°  2' 2". 7 

7.  yellow     ;     10.8,  bl.  yellow 

1897.627 

275. 9          2.11 

.627 

275.5          1.96 

1897.627 


2.0;; 


A,  441  C. 
Cord.  Z.C.  21h370 
a  =  21''  13™  45".6     ;     8  =  —24°  11'  30".l 
7.5,  yellow     ;     14,  bluish 
1897.589         229.6         11.58     C 
.589         229.9         11.87     C 


Difficult  system. 

1897.589         229. 7 

11.72     C 

1897.660        231.7 

12..70(')See 

A 

439  =  A  Capricomi. 
Cord.  G.C.  28951 

.660         231.8 

12.76     See 

1897.660         231.7 

12.(53     See 

a  =  21h 

">  10".  8     ; 

8  =  —25°  24'  19".0 

C)15ad  seeing,  very  difficult. 

4.9, 

orange     ; 

12.2.  purple 

1897.660 

184.8 

26.55 

A,  44.7. 

.660 

184.7 

26.59 

Cord.  Z.C.  21fc556 

.742 

186.5 

26.18 

a  =  21*  19'"  25".6     ; 

8  =  — 39°38'::u".7 

.7  12 

186.0 

26.21 

8.6,  yellow     ; 

11.8,  bluish 

.799 

186.7 

26.30 

1896.760        218.2 

2.04 

.799 

185.7 

26.39 

.77.7        220.2 
.777-        220.3 

2.04 
1.78 

1897  734 

185.7 

26.37 

1896.770         219.6 

1.95 

A, 

140. 

interest  Ing  physical  system. 

Cord.  Z.C.  21>'84 

A,  446  =  £  <  'apricomi. 

a  =  21'' 

l"".'.l      : 

8  =  —26°  27' 24'.  5 

Cord.  G.C.  29382 

7.9, 

yellow     ; 

12.8,  bluish 

a  =  21''  20'"  .".7  .5      : 

8  =  —  22°  50' 41  ",0 

1896.835 
.838 
.838 

71.8 
68.8 
69.5 

9.53 
9.89 
9.68 

1.  orange     ; 

L896.802           12.7 

.810           14.0 

.810           15.2 

14.0,  bluish 
21.18 
21.64 
21.95 

1896.837 

70.0 

9.70 

1896.808           14.0 

21.59 

1897.627 

69.4 

9.97 

1897.747           13.4 

21.30 

.627 

70.0 

9.93 

.747           13.5 

21.40 

1897  627 

69.7 

9.95 

1897.747            13.4 

21.35 
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A,  447. 

Cor.l.  G.C.  29428 

a  =  21i>23">4».4     ;     8  =  — 39°  15'  51  ".8 

7.8,  or.  yellow      ;     12,  purple 
t  60  p. 


1896.608 

22.8 

8.4  1 

.638 

22.5 

8.68 

.649 

24.7 

6.51 

.663 

27.4 

7.21 

.668 

24.3 

6.86 

1896.645  21.1  7.54 

Companion  difficult. 

Independently  noted    by    Inxks    one   day 
after  it  was  found  at  Flagstaff. 

Aj  448. 
Cord.  G.C.  2946S 
a  =  21h  24™  38". 3      ;     8  =  —  24°  51'  54".2 
7.9,  yellow     ;     11.9,  bl.  purple 
1897.655         247.0  1.25 

.655         246.5  1.25 

.711  251.7.  1.27 

.711         251.4  1.40 


1897.684         249.1  1.29 

Fine  close  system,  very  difficult. 

A,  449  =  G  102  Caprhorni 
Cord.  G.C.  29485 
u  =21"  25'"  48s.  9     ;     8  =  — 19°  40'  36".6 
6,  yellow     ;     12.8,  purple 
1897.736         196.3  1.76 

.736         197.0  1.89 

1897.736         197.0  L82 

Most  interesting  system,  resembling  85  Pe- 
gasi:  extremely  difficult. 

A,  450. 
Cord.  G.C.  29585 


a  =  21h  30'"  .".4-.ll      ; 

8.6,  yellow     ; 

1896.757.         256.3 

.775         251.4 

.775         250.9 

18967769 


8  =  —33°  57'  12".6 
13.2,  bluish 

11.04 

11.29 

11.21 


252.9 


11.18 


A,  451. 
Cord.  G.C.  29634 
a  =  211'  33"'  26».3     ;     8  =  —30°  45'  19".3 
8.1,  or.  yellow     ;     13,  bluish 
1896.766         250.4         12.30 
.775         250.7  11.66 

.775         257.1         11.86 


1896.772 


250.7 


11.94 


\,  47.2. 
Cord.  G.C.  2966o 
a  =  21h  35"'  15-.6     ;     8  =  —26°  17'  56".3 
8.2,  yellow     ;     13.5,  bluish 
1896.835         103.5         11.00 
.838         102.3         11.42 
.838         101.4         11.98 


1896.837 


102.4 


11.47 


A,  453. 

Cord.  G.C.  29688 

a  =  21h  36"'  I'ivJ     ;     8  =  —25°  6'  30".l 

7,  yellow     ;     12.8,  bluish 

L897.747         324.7         11.72 
.717        325.3         12.30 


1897.747 


324.9 


11.96 


A,  454  =  (i  1  12  Capricorni. 

Cord.  G.C.  29692 

a  =  21"  36m  19».0     ;     8  = —23°  42' .",3". 4 

(i,  yellow      ;      13..".,  purple 

1897.826         198.6  5.18 

.826         197.4  5.16 


1897.826         198.0  5.17 

Interesting  and  difficult  system. 

A,  455. 
Cord.  G.C.  29733 
a  =  21h  38™  37".2     ;     8  =  —36°  4'  IS".  1 

7.7,  yellow     ;     15,  purplish  or  dingy 
1896.717  95.2  4.07 

.728  95.0  3.54 

.728  94.3  3.52 


1896.725  94.8  3.71 

A  remarkable  system,  companion  shining 
with  a  dull  luster,  and  on  the  very  limit  of 
vision. 

A,  450. 
O.A.  21613 
a  =  21''  39"'  29s.O     ;     8  =  —20°  34'  13".7 
8,  yellow     ;     12.7,  bl.  purple 
1896.826  57.6  3.23 

.851  56.6  4.12 

.851  57.5  3.86 


1896.843  57.2  3.74 

Elegant  system. 

A,  457. 
Cord.  G.C.  29746 
a  =  21''  39"'  35\S      ;     8  =  —  41°  41'  19". 7 
8.2,  yellow     ;     14.1,  bluish 
1896.813         210.1         10.17 
.851         214.9         10.54 
.851         214.6  9.95 


1896.839 


J13.2 


10.22 


A!  458. 
Cord.  G.C.  29770 
a  =  211'  40"'  59s.  7     ;     8  =  —27°  3'  4".4 
8,  yellow     ;     S.4,  yellow 
1897.627  91.9  0.40 

.627  93.4  0.43 


1897.627  92.6 

Close  elegant  system. 


0.41 


Aj459. 
Cord.  Q.C.  29826 
=  21»>  42«»  59'.0     ;     8  = —32°  51' 53".  1 
S.2,  yellowish      ;     13.2,  purplish 


L896.668 
.676 

.695 


1.67.4 
L67.8 
168.6 


Po 

1.36 

1.29 

1.1".) 


IS90.6S0 


167.9 


1.31 


Interesting  and  difficult  system,  with  a  faint 
dingy  companion. 


A,  460. 
O.A.  21684 
a  =  21''  45"'  21«.5     ;     8  =  —20°  45'  Is".:] 
7.6,  yellow     ;     8.1,  yellow 
1897.742         112.7  0.48 

.742         114.2  0.42 


1897.742         113.4 
Elegant  close  system. 


0.45 


A,  461. 
Cord.  G.C.  29993 
a  =  21h  50'"  35s.3     ;     8  =  —27°  45'  48".  1 
8.2,  yellow     ;     13.3,  bl.  purple 
1896.829  00.7  3.32 

.843  64.7  3.58 

.843  62.6  3.43 


1896.832  02.7 

Physical  system. 


::.  II 


A,  462. 
Cord.  Z.C.  21M607 
a  =  21h  52m  398.0     ;     8  =  —35°  39'  29".2 
8.3,  yellow     ;     12.5,  bluish 
1896.758         104.  s  9.96 

.772         194.:;         11.05 
.772  194..7         11.14 


1890.768 


194.5 


10.72 


A,  463. 
O.A.  21786 

a  =  21''  54"'  4S.6     ;     8  = —18°  40' 41  ".9 
7.2,  yellow     ;     11.5,  bl.  purple 
1897.753         115.5         16.00 
.753         116.4         15.75 


1897.753 


116.0 


I.-.., 


A,  104  C. 
SD.  17°6423 
a  =  21'' 57"' 18s.0     ;     8  =  — 16°  45'  O'.S 
S,  yellow     ;     14.5,  bluish 
1896.826         138.8         12.41      C 
.851         140.0         11.44     C 


1896.838         139.7         11.92     C 
Companion  faint. 
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A,  4 c;.. 

Cord.  G.C.  30172 

=  21"  58m  1-  ..">     ;     8  =  —25°  10'  17    " 

7.'.'.  yellow     ;     1-1.:'.,  dlngj 
t  6„  Po 


Is'C  657 


L89.5  2.66 

L89.7  2.7:; 


1897.657         189.6 
Exceedingly  difficult. 


2.70 


A,  466. 

Cord.  G.C.  80185 

a  =  21"  58m  57'.3     ; 

8.5,  yellow     ; 

L896.638    267.6 

.649    259.9 

.663    266.6 

L896.650         264.7 
Delicate  pair  Dear  ,\  ' 

A,  467. 
Cord.  Z.C.  2 
a  =  2  ;    8  =  —27°  19'  59 

8.3,  yello-n      ;     1 1.5,  bluish 
1896.829        116.7  8.03 

.851  117.7         L0.05 

.851  L18.0  9.0  ± 


L896.844         117.5 
Companion  faint. 


9.03 


A,  468. 
Cord.  G.C.30271 
=  22h3     5'.8      :     8  =  -  36°32'  10  .7 
-a      :     14.6,  bluish 
-  ::;       [109.5]       26.22 
.785        101.8         24.57 
.785         102.8         24.17 


1896.768 


102.3 


24.99 


A,  169. 
G.<     30274 
a  =  22h  3,n  6\9     ;     8  =  —26°  15' 
yellow 
L897.747         308.1  0.20i 

.747         308  i  0.20± 


308.3 


0.20  ± 


1897.747 

Jusl   separable  with  1500;  system  of  his 
interest. 

A,   1 7D. 
Cord.  Z.C.  2-Jh120 
a  =  22  8  =      24    l'37'.9 

7.'.».  yellow     :    8.7,  bl.  yellow 
L897.804     '     36.6  1.94 

.804  36.0  2.03 

27.8  1.72 

28.5  L.54 


L897.815  32.2 

Nice  close  system. 


1.81 


A,  17 

1. 

A,  170. 

\  II. .11 

.  near  Cord.  S.C.   30454 

(  .ml.  G.C.  80976 

a  =  22h  13 

»  I-.:,     ; 

5  =  — 28°  88' 48*.9 

u  =  22*  S9ra  12*.  1:8  =  —23°  87'  89  .6 

10.7.  i :.  yellow 

2,  bl.  yellow 

8. 1,  yellow     :     14.8,  bluish 

t 

do 

Po 

t                    0„                  f»„ 

L896.753 
.785 
.785 

30J 
3G.8 

17'.' 
1.29 

lis 

L896.826          37:5          3*43 
.843           10.0           1.25 
.843            tin           4.09 

.810 

3.84 

1896.831           39.5           3.92 

786 

33.4 

4.35 

Excessively  difficult. 

1896.802 

34.1 

5  1 5     C 

A,  177. 

.810 

33.0 

3.63     C 

Cord.  G.I     80974 

L896.806 

33.5 

1.3-1      (.' 

o  =  22h  39  '  W-.8     :     8  =  —47    4'  29».9 
6,  yellow     :     10,  purple 
L897.711         L39.6         L0.95 

A,  47 

•> 

.711          142.0         10.91 

Anon,  near  1  to] 

1.  G.C.*30519 

L897.711          140.8         10.93 

a  =  22h  15 

57  .3      : 

8  =  —  2:.    51'  t.V.7 

11. 

yellow     ; 

12.7,  yellow 

A!  47S  =  a  JPiscis  dustrini,  Fomalhaut. 

L896.818 

56.5 

1.17 

Cord.  G.C.  31213 

.838 

56.2 

4.50 

a  =  22*  52n  6  .9     :     8  =  -30"  9'  l".6 

.838 

55. 1 

5.19 

1,  white     :     i  is,  bluish 

L896.832 

55.9 

4.62 

L896.706          36.2        29.98 

A   very  faint  companion  in  the  rays  of  the 
bright  star. 

A,  173  = 

v  Gruis. 

Cord.  G.< 

.  30641 

A,  479  C. 

a  =  2-1'  22 

17  .5      : 

8  =  —  39°  38'  11  ".7 

i  ord.  G.(  .  31495 

6, 

irange     ; 

14.2.  bluish 

a  =  23h  7m  42».9     :     8  =  —  24=  3s'  :,7  .8 

1896.703 
.728 
.728 

11  1.7 
i  1  1.0 
11  1.2 

27.14 
28.75 
27.60 

8.2,  yellow     :     14.5,  bluish 
1896.835          48.8        11.70    C 
.843          53.1         L2.03    C 
.S43          55.3         L1.86     C 

L896.720 

11  1.3 

27.83 

1896.841           52.4         11.86    C 

Very  faint 

companioi 

to  a  bright  Btar. 

L896.843           55.7         11.57     See 

A,  4 

-4. 

L897.711           55.5         12.10     See 

.711           52.7         12.44     See 

fm-.i    n  r>  5 

a  =  221  23  '  19  .3     : 

8  =  —  29'  10'  L3*.6 

1897.122           54.6         12.04     See 

7.4.  or. 

yellow     : 

8,  or.  yellow 

1890.717 

288.5 

0.79 

A, -Iso. 

.728 

290.8 

H.47 

i  ord.  Z.C  2 

.728 

290.0 

0.42 

a  =  23h  9™  5P.7     ;     8  =  — 36°  15' 22*.5 

L896.725 

289.8 

0.56 

8.3,  yellow     ;    8.5,  yellow 

Pine  close  double. 

L896.733         292.6          0.54 

.7:;:;        290.2          0.60 

A,    1 

75. 

.772         292.8           0.55 

1890.740         291.9           0.50 

Cord.  Z.C 

.  22h707 

Most  interesting  system. 

a  =  22>"  27 

26  .2     : 

8  = —39°  15' 11".  7 

8.5, 

yellow     ; 

B.9,  yellow 

A.4S1. 

189C.00S 

286.8 

0.65 

(  ord.  Z.C.  - 

.COS 

289.7 

0.51 

a  =  23b  11"'  18.4     :     8  = —26°  58' 39*.  6 

.678 

302.4 

0.51 

8,  yellow     :    8.1,  yellow 

.695 

292.0 

0.55 

L897.711          L40.5          3.17 

1890.077 

292  7 

0.55 

.711         140.3           3.07 

Elegant  sy 

tem. 

1897.711          11"  1            3.12 

KT08'  131-432 
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A,  4S2. 

Cord.  G.C.  81619 

a  =  28*  14"  28'. 2     ;     8  =  — 28°  46'  18*.6 

0.7,  orange     ;     13.7,  purple 

*  Qo  Po 

1897.736  94°2         14.07 

.736  95.2         14.15 


1897.736 


94.7 


L4.12 


a,  is:;. 

Anon. 

a  =  23h  20m  34".8     ;     8  =  —36°  21'  13 ".8 

9.8,  lil.  yellow     ;    9.8,  bl.  yellow 

1896.755  292.2  0.89 
.775  294.6  1.37 
.775    297.4     1.25 


1896.769    294. 

Elegant  system. 


1.11 


A,  484. 
Cord.  (i.C.  31733 
a  =  23"  20'"  43s. 0      ;     8  =  —23°  4'  S" 
A  B 
8,  yellow     ;     10.8,  purple 
1897.657  51.8  1.23 

.657  53.3  1.27 


1897.657  52.6  1.25 

C,  12.S,  bl.  purple. 

AC 

1897.657         140.3         22.70 

A,  485  =  G 236  Aquarii. 

Cord.  G.C.  31748 

a  =  23h21™  19».l     ;     8  =  — 22°  17'26".8 

6,  or.  yellow     ;     12.3,  purple 

1897.736         130.3  5.60 

.73(1         131.6  5.61 


1897.736 


130.9 


5.60 


\  486. 

Cord.  DM.  23°17927 

a  =  23h  24m  4S».0     ;     8  =  —23°  14'  26".S 

AB 

7.5,  yellow     ;     10.2,  bluish 

1897.747  55.2  1.50 

.717  55.9  1.47 

.804  52.1  1.30 

.804  52.0  1.32 


1807.775  53.8  1.40 

C,  12.4,  bluish. 

AG 
1897.747         143.0         23.51 
.804         142.4         22.71 


A,  487. 
Cord.  G.C.  31820 
28h25"  16».2     ;     8=   -33: '.-,(>'  •_'.-.".. 


7.0,  yellow 


8.8,  bluish 

Po 


1896.703         208.0  9.76 

.728        296.4  9.97 

.728         207.0         10.65 

1896.720         207.7.         10.12 

A,  488  =  G  7  Phoenicia. 
Cord.  G.C.  31853 
a  =  23'*  27">  15s.3     ;     8  =  —45°  40'  25".E 
5.5,  or.  yellow     ;     12,  purple 
1S97.700        337.3         19.08 
.700         337.0         18.70 


1897.799 


337.2 


18.92 


A,  489  =  G  17  Sculptoris. 
Cord.  G.C.  31880 
a  =  23h  28m  248.8     ;     8  =  —  36°  49'  l".l 
7.S,  yellow     ;     11.3.  bluish 
1896.733         111.1         19.77 
.772         143.2         20.23 
.772         142.8         20.29 

1896.759         143.4        20.10 

A,  490. 
Cord.  G.C.  31884 
a  =  231'  2Sm  32».0     ;     8  =  —35°  3'  50".8 
AB 
8.1,  yellow     ;     12.2,  bluish 
1896.758         22  4.0  8.16 

.760       ("230.  ±]    [10.  ±] 
.772         224.8  8.84 


189G.763         224.7  8.50 

C,  13.5,  bluish. 

AC 
1896.772         331.9         23.04 


A,  491. 
Cord.  G.C.  31885 
a  =  23h  28m  35". 7     ;     8  = —34°  12' 51".; 
8.1,  yellow     ;     12.7,  bluish 
1896.717  77.1         18.79 

.791  72.4         18.31 

.791  73.1         17.84 


1896.767 


74.2 


18.31 


A!  492  =  G 19  Sculptoris. 
Cord.  G.C.  31917 
a  =  23h  30m  238.5     ;     8  =  —28°  2'  17  ".5 
0.2,  yellow     ;     8.1,  bl.  yellow 
1897.796         264.6  0.30 

.700         265.6  0.40 


1807.775         142.7 


23.11 


1897.796        265.1  0.38 

Very  interesting  close  double. 


A,  493. 

Anon.,  near  Cord.  G.C.  31963 

a  =  23h  32'"  B4».6     ;     8  =  —25    40'  'J5". 3 

BC 

11,  bl.  yellow     ;    11,  bl.  yellow 

*  Oo  Po 

1897.753         263.3  1.79 

.753         262.3  1.72 


1897.753         262.8  1.75 

A  =  Cord.  G.C.  31963,  7.  yellow. 

a    BC 
'•    g 
1897.753         206.4        36.46 
Curious  faini  system  near  a  bright  star. 

A,  49 1 . 
Cord.  /..(.  23h957 
a  =  23h  36°>  14».7     ;     8  =  — 34°  44' 47».6 
8,  yellow     ;     10.5,  yellow 
1896.698         213.3  0.98  est.  0".5 

.731         213.3  0.65 

.731      .  208.3  0.84 


1896.720         211.0  0.82 

Fine   close  system;   distance  probably  over 
measured,  most  likely  about  0".5. 


A,  407.. 
Cord.  Z.C.  23h1205 
u  =  23h  45"'  44s.9     ;     8  =  —34°  V  3".  1 
8,  yellow     ;     11.3,  bluish 
1896.703  18.1  2.41 

.731  16.8  2.22 

.731  14.5  2.09 


1896.722 


16.5 


2.34 


A,  496. 

Cord.  G.C.  32200 

a  =23'' 40'"  168.3     ;     8  = —32°  50' 11".! 

7.8,  yellow     ;     13.7,  bluish 

1896.753         193.5         15.89 

.772         189.3      •  10.66 
.772         190.0         16.75 


1896.766 


loo.o 


16.43 


Aj  497. 
Cord.  G.C.  32216 
a  =  23h  40"'  43".  2     ;     8  =  —28°  52'  58  ".5 
8,  yellow     :     13.6,  bl.  purple 
1896.700  71.1  1.95 

.829  71.0  5.09 

.843  68.4  5.33 

.843'         68.3  5.37 


1896.828  69.8 

Interesting  system. 


5. 1 8 
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a,  198  C. 

Cord.  (..<'.  82219 


:  =  28b  47'"  1-V.S 

9.3,  yellow 

t  6., 


8  =  -  28° 56'  W  .7 
13.5,  purple 


L896.829 
.843 
.843 

1896  839 

L896  843 


175.2 

177.!) 
176.8 


L76.6 


5.24] 
1.42 
l  30 

L36 


177.6  3.91     See 

Delicate  and  interesting  star. 
Lowell  Obseroat  iry,   1898 Jan.  1. 


A,  499. 
Cord.  G.C.  82852 


=  1M>'  .YV"  4-.0 

8,  .,  yellow 


1896.649 
.728 
.728 

[896.702 


IT,:;.  7 
272. <; 
274.6 

270.3 


8  =  — m    ir  :.i  ,0 
8.8,  yellow 

P„ 

0.9  ± 
0.58 
0.86 


0.78 


An  elegant  system  in  constellation  PAoi  rite. 


A,  500. 
Cord.  G.C.  :;^4-j:'. 
23h  59m  45».3     ;    8  =  —33°  2'  19».0 
7.9,  yellow     ;     11,  bluish 


0„ 


1896.703  201.6 
.728  203.1 
.728         204.4 

203.0 


L896.720 

A  lint'  close  system. 


0.91 
0.82 
1.04 

0.92 


NOTES   ON    VARIABLE   STARS,  —  No.  23, 

By   IIKNKY   M.   PARKHURST. 


SS  Cygni.  The  entire  maximum  phase  is  comprised 
within  17  days,  or  less  for  small  apertures.  Although  the 
form  of  the  light-curve  is  unsymmetrical,  a  close  approxi- 
mation to  maximum  may  be  obtained  from  two  or  three 
observations,  by  comparison  with  it. 


9.0 

Light-curve 

d                          .1 

-1.15         +1.40 

i  o*'r, 

Light-curve 

.1      ""                          d 

—2.54         +."..7!) 

9.5 

1.85            2.75 

11.0 

-2.85         +7.20 

0.0 

-2.24         +  1.28 

The  maxima  given  in  the  table  are  derived  from  the  time 
of  ascent  :  and  show  the  intervals  to  have  been  50.8  and 
<;;:.. "i  days,  the  second  being  one-fourth  longer  than  the  first. 
Adding  one-fourth  to  this  last  interval,  which  1ms  been 
twice  repeated,  we  have  79  days,  the  sum  of  the  remaining 
two  intervals,  36  and  13  days,  cited  by  J.  A.  Parkhurst 
in  Pop.  Astr.,  1897  duly. 


Results  of  Observations. 


7  168 


rso2 

r560 

r.-,7i 
7590 

r659 

77:;:; 
r792 


7896 
7944 
7999 
8068 
8153 
8369 

s:;7:; 

85 1 2 

8622 

103 

U9 
166 


T  Aquarii 

u 

a 

X  Delphini 

.. 

R  Vulp 

.. 

•icomi 

a 

T  i  'apricorni 
•icorni 

S  s  '  h  gni 


V  Pi  gasi 

V  Pegasi 
X  Aquarii 

S  Laa  <■''" 
/,'  Lacertae 
W  Pegasi 

S  Pegasi 

I:  ,  Iquarii 

WCeti 

T  Andromedae 

V  Andromedae 
/'  Pisrhim 


Max. 
Max. 

Min. 
Mill. 
Max. 
Max. 
Max. 
.Max. 
Min. 
Max. 
Max. 
Max. 
Max. 
Max. 
Max. 
Max. 

Max. 

Max. 

Max. 
Max. 

Ma  • 
Max. 

Max. 

Max. A 
Max. 
Max. 
Max. 
Max. 


i  >bsei  i  ed  Date 
Julian         Calendar 


4092 
11  us 
4227 
1162: 
1308 

414:; 

4279 
1171 
HM: 
1212 
I22S 
11  Hi 
II  17.3 
4198.1 
1261.6 
4270 
1090 
1284 
127S 
127.2 
1178 
U62 
1307 
4178 
4273 
4292.1 
1 2'.  tl 
1238 
1302  :; 


1897-U8 

June  16 
July  2 
Oct'.  29 
Aug.— 
dan.  — 
Aug.  (I 
Dec  2d 
Sept.  6 
July  S 
Nov.  13 
Oct.  30 
July  1<> 
Aug.  10 
Sept.  30 
Dee.     2 

Dec.  11 
dune  14 
Dec.  24 
Dec.  19 
Nov.  23 
Sept.  10 
Aug.  25 
Jau.  17 
Sept.  10 
Dec.  14 
Jan.  2 
Jan.  4 
Nov.  9 
Jau    12 


E 

Corr. 

64 

-17 

64 

-    1 

65 

+   2 

85 

—  5 

86 

-  8 

70 

-34 

2 

- 

o 

-68 

7>7 

+  6 

21 

- 

32 

+  3 

3 

-14 

10 

+  18 

18 

-   1 

38 

+  32 

81 

-   9 

2 

-27 

8 

+  19 

s 

+  21 

3 

-47 

38 

+  17 

3 
3f 


op 
6 

■  > 

E: 
9 
9 
E 


6 

Sp 

3p 


6p 

6 

0 


l  1.36 

13.0] 

9.2 

7.7 
8.3 

13] 
9.52 
9.1  1 


9.90 
9.0 
8.97 
8.1 

10.7 
7.6 
7.9 
8.1 
6.4 
9.46 
8.62 
8.5 
0.7 

10  92 


1.01    0.41    SS    Satisfies  the  observations 
_  Possibly  later:  <2S0d? 


0.48  o.s7  19 
0.65  0.46   is 


0.77  0.83  2:; 
o.l  I  0.28  12 


0.20  o.20     6 

1.2      1.7      56 


0.88  1.03  21 
0.77  0.88  26 


— 8,  from  period  A.J.  '■'•'- 

H2d  :  see  note  to  Catalogue 
From  obsns.  of  J.  A.  I'. 
See  note  above 
Cloudy  at  maximum 
see  .1.  A.  P.  in  A.J.  405 
Confirms  period 
Appeared  suddenly 
Long  interruption  at  max. 


From  ascending  curve 

Possibly  earlier 

\\  i  -r  -  "  standstill  " ;  A.J.  414 

(+<;.j).     Elements  A.J.  420 


Period  349  days  '.' 


N°»-  431-432. 
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7408  TAquarii. 

(Continued  from  393.) 
Julian     Calendar      Mag. 

LSffl 

4078.7  June    2  9.0 

4090.7  14  8.5 

4001.7  15  8.31., 

4094.7  18  8.7 

4097.7  21  8.2p 

4098.7  22  8.8 

4102.7  26  8.0p 

4103.7  27  8.7 

4111.0  July     5  S.8 

4114.0  8  8.0 

4115.0  9  8.3p 

4121.0  15  8.6p 

4128.0  22  8.9p 

414O.0  Aug.     3  9.2p 

4165.5  28  10.00., 

41S2.0  Sept.  14  12.0] 

4185.0  17  12.64, 

11 '.»1.C.  20  13.0] 

4214.5  Oct.    16  13.0] 

4224.5  20  13.0] 

4241.5  Nov.  12  13.1 

4247.5  18  11.00, 

4253.5  24  11.19, 

7502  XDelphini. 

(Continued  from  400.) 

1897 

4077.7  June    1  12.5 

4087.7  11  12.0] 

4094.7  18  12.8] 

4103.7  20  to 

4215.5  Oct.    17  13.0] 

5  dates 

4247.5  Nov.  18  12.33, 

4252.5  23  11.20., 

4250.5  27  10.47„ 

4270.5  Dec.   11  10.38J, 

4271.5  12  IO.Op 

4278.5  19     9.37, 

4282.5  23     .9.30, 

4285.5  26     9.47, 

1898 

4292.5  Jan.      2  9.34, 

4295.5  5  9.23, 

4297.5  7  9.43„ 

4303.5  13  9.30 

4308.5  18  9.172 

7560  B  Vulpeculae. 

(Continued  from  400.) 

1897 

4128.7  July  22  8.3p 

4140.7  Aug.     3  7.7p 

4157.0  20  8.6p 

U03.0  20  8.9p 

U68.6  31  9.3p 

4205.5  Dec.     6  8.90., 

4270.5  11  8.40., 

1278.5  19  S.33s 

4285.5  20  8.46s 

4291.5  Jan8.9*    1      8.74„ 


Individual  Observation 

Including  Observations  by  Artiiuk  C 

7571  V  Capricorni.     \  7792  SS  Cygni.  —  Cont. 
Julian     Calendar      Mag. 

1897 

4151.6  Aug.  14  9.282 

4157.0  20  11.44., 

4150.0  22  11.75., 

4103.0  20  12.0: 

4183.0  Sept.  15  11.7 

4184.5  10   11.63., 

4185.0  17  to 


(Continued  from  339.) 
Julian     Calendar       Mag. 

ls',17 

4173.0  Sept. 

4174.0 

4182.5 

4186.6 

4192.6 

4198.0 

4212.5  Oct. 


9.6 

9.06. 

9.28. 

9.72. 

9.99. 
10.49 
10.7 


s372) 


4194.6 
4195.01 
4190.50 
4197.50 

4198.50 


7590  Z  Capricor? 

(Cont  from  400.Coinp.Sta 

1897 

4128.6  July  22  to 
4165J3  Aug.  28    13.0] 

4  dates. 
4183.5  Sept.  15   12  8 
4186.5  18    12.81, 

4215.5  Oct.  17  11.85,  4240.0 
4224.6 
4220.5 
4229.5 
4232.5  Nov. 
4233.5 
4235.5 
4238.5 


4193.0  25 

8  dates 


11.7 


26 


4199.50  Oct.    1 


4245. 


26   11.03,4252.5 

28      9.84,1 4246.0 

9.55,  4258.5 

9.05., 

lO.OOj  4256.5 

9.78,1  4259.44 


Nov.  16 
17 


31 
3 
4 
6 
9 


11.5 
10.55, 
9.16 

s.7l„ 
8.92. 
8.81 
11.5: 
11.66 
23  11.682 
17  to 
29    11.7 


4239.5 
4247.5 
4253.5 
4256.5 
4270.5  Dec. 


9.51, 
9.54; 
9.77, 
9.98; 

10.15, 

10.8 


7659  T  Capricor 11  i. 


4172.7  Sept. 

4184.5 

4193.5 

4198.5 

4206.6  Oct. 

4211.5 

4216.5 

4224.5 

4224.6 

4228.5 

1232.5  Nov. 

4232.5 

4235.5 

4238.5 

4239.5 

4253.5 

1270.5  Dec. 


4259.60 

4261.5 

4264.4 

4265.4 

4268.4 

4209.4 


10  dates. 

27 

30 

30 

Dec.    2 

K 
0 

9 

10 


11.7p 

10.0 
9.67 
8.8: 
9.68 
9.57 

10.49 

10.61., 


11.5]p 

10.9 

10.8 

10.57. 
9.73. 

10.00., 
9.18., 
9.4  p' 
9.41, 
9.26, 
8.92; 
9.4p 
9.452 
9.78^ 

'.i.ri', 

IO.Ip 

10.7p 


7733  Y  Capricorni. 

(Continued  from  372.) 

4111.7  July     5    12.5] 
4128.6  22    12.5] 

7792  SS  Cygni. 

1897 

413S.0  Aug.      1    11.7 
4149.6  12     8.45 

4150.0  13     8.73, 


7890  V  Pegasi. 

1896 

3755.6  July  14  to 

1897 

3931.5  Jan.      6    11.0] 
9  dates. 

4136.6  July  30  11.8] 
4165.6  Aug.  28  11.5] 
4221.5  Oct.    23   10.8] 


7999  X  Aquarii. 

Julian     Calendar        Mag. 
1896 

3475.5  Oct.      8    12] 
3510.5  Nov.    12    13: 

3540.5  Dec.    12    13: 

1886 

3809.6  Sept.    6  to 
3918.5  Dec.    24    12] 

6  dates. 

1897 

4224.5  Oct.  20  to 

4270.5  Dec.  11  12] 

4  dates. 

4283.5  24  9.0 

4284.5  25  8.97, 

4285.5  20  9.20, 

4287.5  28  9.19, 

8008  S  Lacertae. 

(Continued  from  372.) 

1897 

4228.0  Oct.  30  11. Ip 

4232.0  Nov.  3  10.7p 

4252.6  23  IO.Op 
4258.0  29  9.8p 
4270.5  Dec.  11  8.1p 
4278.5  19  8.1p 

1898 

4300.5  Jan.    10    10.2p 
8153  R  Lacertae. 

(Continued  from34B.) 

1897 

4228.6  Oct.  30  11.3p 
4232.6  Nov.  3  H.Op 
4252.0  23  10.7p 
4258.0  29  10.7p 
4270.5  Dec.  11  10. 9p 
4278.5  19  II.Ip 

4306.5  Jan"'*  16  11.2]p 

8369  W  Pegasi. 

(Continued  from  400.) 


4225.5 


27  11.65, 


4228.5  30  11.23 

4246.6  Nov.  17  10.64 
4253.5  24  10.20 
4257.5  28  10.28," 
4271.5  Dec.  12  9.98^ 
4272.5  13  9.85, 
4278.5  19  9.87, 
4282.5  23  10.352 
4287.5  28  10.25, 

4303.5  Jan.'8 13  10.07., 
7944  T  Pegasi. 

(Continued  from  400.) 

L897 

4078.7  June  2  0.14.. 
4087.7  11  9.204 
4090.7  14  8.84, 
4091.7  15  8.934 
1094.7  18  9.22 
4090.7             20  0.32 


4128.7  July  22  9.0p 

4140.7  Aug.  3  8.2p 

4157.0  *  20  7.8p 

4101.0  24  8.0p 

4165.6  28  8.0p 

4172.7  Sept.  4  7.8p 
4174.5  6  8.09., 
4170.5  8  7.07, 
4178.0  10  7.00., 
4184.5  16  8.1 4^ 
4201.5  Oct.  3  8.5p 

4215.5  17  8.7p 

8373  S  Pegasi. 

ii  lontinued  from  372, 

1897 

1252.6  Nov.  23  9.0p 
4253.6  24  9.1p 
4256.5  27  9.2p 
4258.5  29  9.1p 
4270.5  Dec.  11  8.5p 
1278.5  19  8.5p 

1898 

1306.5  Jan.  16  S.Ip 


851 2  /.'  Aquarii. 

(Continued  from  348.) 

Julian     Calendar       Mag. 

1897 

I17N.0  Sept.  10  0.45., 

4182.6  14  7.50, 

4185.6  17  7.62, 

4188.6  20  8.032 

8622  IV  Ceti. 

(Continued  fr M0.) 

1897 

4211.5  Oct.  13  10] 

4224.5  20  11.3 

4247.5  Nov.  18  10.1 

4253.5  24  10.05, 

4257.5  28  10.00.", 

4258.5  29  9.821 

4271.5  Dec  12  9.34,, 

4271.5  12  9.5p 

4278.5  19  9.40, 

4282.5  23  9.69, 

4291.5  Jan".  1  9.00.. 

4297.5  7  9.37, 

4203.5  13  9.41, 

4308.5  18  9.36, 

103  T  Andromedae. 

(Continued  from  400.) 

4188.6  Sept.  20    13.0  : 
4213.6  Oct.    15    12.7 

4221.5  23  11.0 
4228.0  30  11.98, 
4232.0  Nov.      3  ll.Op 

4240.6  17  10.6p 
4252.6  23  10.2p 
4253.6  24  10.71, 
4256.5  27  10.4p" 
4208.5  Dec.  9  9.132 
4270.5  11  9.17 
4270.5  11  9.5p 
4277.5  18  8.782 
4278.5  19  8.6p 
4282.5  23  8.80, 
4285.5  26     8.80, 

4293.5  JaT.     3  8.49, 

1297.5  7  8.71, 

4303.5  13  8.87; 

1306.5  16  8.7p 

1316.5  26  O.oo 

4324.5  Feb.     3  9.64, 

4333.5  12  10.5P 


110  l '  .  tndromedae. 

1221.5  Oct.  23  1o.37.,: 

4224.5  26    IO.Op 

4225.5  27    10.04, 

1232.6  Nov.  3    IO.Op 

4240.7  17    10.4P 

4247.5  18     0.75, 

4253.6  24    10.32, 
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419  V  A 

U9  V  Androm.      Cont. 

166  V  Piscium. 

166  '    Pisi  '"in.  -    Cont. 

166  1    Piscium       Cunt. 

.Julian    Calendar     Mag. 

Julian    Calendar     Mag. 

Julian    Calendar      Mag. 

Julian    Calendar      Mag. 

1801 

1898 

4253.6  NTov.  24    I0.2r 

1278.5   Dec.    19    L0.7p 

i-c 

1284.5  Dec.   25    11.53, 

1308.5  Jan.    is    L0.97 

1256.5            27    10.24, 

1283.5     m     23    L0.8 

i.'l  1,5  Oct.    L6    12.5] 

1285.5            26    L1.68 

1316.5            26    11.20, 

4271.5   Dec.    12    10.71, 

1306.5  Jan.    L6    LI.Op 

1271.5   Dec.   12    1 

1324.5  Feb.     3    11.11 

4271.5             12    L0.4f 

1314.5            24    ll.:. 

1272.5             13    12.08 

1306.5  Jan.    L6    10.93 

4277.5             18    10.23. 

1333.5  Feb.    12  11. .mi- 

1278.6             19    L1.09    1307.5             1.     I".'-1! 

TWO    M'.W    VARIABLES   OF   SHORT    PERIOD, 

K\    G.    MULLED    \ni>  P.   KF.MIT. 


In  the  course  of  our  observations  Ei  r  the  Second  Pari  of 

the  Potsdan    I'  etric    Durchmusterung  we   have   dis- 

d  two  new  variable  stars  of  shorl  period,  the  elements 

of  which  we  have  been  able  to  determine  pretty  accurately 

by  means  of  a  large  number  of  measures.     The  stars  are 


a  =  19  32  15 
a  =  19  I"  19 


8=  +20  6.6)  l9000 

5  =  +29  !.■_•  ,  ■ 


B.D.  +20  1200 
B.D.  +28  3460 

r  ■  elements  deduced  are 
BD  +20°4200  Max.  =  Gr.  M.T.  1897  Oct.  2.47  +-8d.00  E 
B.D.  :  28  3460  Max.  =  Gr.  M.T.  L897  Oct.  4.66  +3d.844E 
The  light-curve  for  +20°4200  is  quite  symmetrical;  but 
in  the  case  of  +28°3460  the  increase  is  much  more  rapid 
than  the  decrease,  the  time  occupied  from  minimum  to 
maximum  being  only  about  0.9  days,  while  that  from  maxi- 
mum to  minimum  is  2.9  days.     An  examination  of  all  the 
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observations  (which  will  be  published  in  full  in  the  Astr. 
Nachr.)  gave  the  Eollowing  light-curves : 


|  20    i-"" 


l 

.i 

0.0 
0.4 
0.8 
1.2 
1.6 
2.0 
2.4 
2.8 
3.2 
3.6 
4.1) 


Maun. 

6.94 
6.97 
7.03 

7.11 
7.19 
7.28 

7.46 
7.54 

7. .V.i 
7.(11 


I 

a 

1.1 

l.s 

5.2 

5.6 

6.0 

6.4 

6.8 

7.1' 

7.6 

8.0 


7.59 
7.54 
7.46 

7.28 
7.19 

7.1  1 
7.03 
<;.(.i7 
6.94 


0.0 
0.2 
0.4 
0.6 
0.8 
l.i) 
1.2 
1.1 
I.e. 
1.8 


+28' 

Maun. 

6.57 
6.65 
6.73 
6.82 
6.89 
6.97 
7.03 
7.08 
7.14 
7.  is 


8460 

I 
.1 
2.0 

2.4 
2.6 
2.8 
3.0 

.'!  " 

3.4 
3.6 
3.8 


.23 

27 

..".1 
.34 
.37 
.37 
.23 
.05 
1.85 
1.63 


t  is  the  interval,  in  days  from  the  epoch  of  maximum. 


COMET 
\   cornel   was  di  on  March  20,  by   Perrine,  at 

the  Lick  Observatory.  It  is  described  as  of  the  seventh 
i.  with  stron-  central  condensation 
and  tail.  Three  positions  and  an  orbit  computed  from 
them  by  Messrs.  Hussei  and  Perrinj  have  been  tele- 
graphically commvj  b;   Prof .  Schaeberle,  as  follows : 


.  M.T. 

March  20.0374 
22.0532 


21  is  36.9  +10  13  23 
21  25  59.8  +18  19  17 
21   29  28.9         +19   17  24 

F.l.l.M  ENTS. 

T  =   1898  Maid.  18.67  Gr.  M.T. 


Obs. 

Perrine 
Hussej 
Perrine 


w  =  49     2  ) 

Q,  =  264     7   -1898.0 

i  =  72   is  \ 

i/  =  1.1013 

Kl-111  mi  bis    FOB    <  il.T.I.NW  [I  II     M  [DNIGH  I  . 

a  8  l'.r. 

1898  March  26.5        'J\' 4  Am'       +23  23        0.99 
30.5         22     i)  28         +27  26 


b  1898. 

1898  April     3.5 


22   17  32 
22  35  32 


+  31 
+35 


Br. 
0.89 


Dr.  Leuschkek,  of  the  University  of  California) 
telegraphs  the  following  orbit,  computed  from  the 
observations  by  Messrs.  Cb  \w  ford  and  Palmer. 

Ki  i  \n\  rs. 
T  =    1898  April  8.61  Gr.  M.T. 


o>  =     72 

16  ) 

Si  =  271 

21  y  1898.0 

i  =     78 

45  | 

q  =  1.0687 

Ephemeris 

an;    (  Hil'.KXWH  11 

M  1  DNIOHT. 

a 

o 

Br. 

o          / 

898  March  25.5 

21   39  24 

+  22  29 

1.10 

29.5 

21   56  If, 

+26   is 

April     2.5 

22   1  1    is 

+31      1 

6.5 

22  34  56 

+35  14 

1  .22 
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"  ii       ii  (3  305}  —  a  Telegram      32 

Note  on  those  Discovered  at   Harvard  Observatory.  Are- 

quipa,  by  INNES 05 

Stars,  Multiple,  —  see  Stars,  Double. 
STOCKWELL,  Prof.  .1.  X.,  Columbus,  Ohio. 

Note  on  the  Precession  of  the  Equinoxes 53 

Stone,  Prof.  Ormond,  L.  McCormick  Obs'y,  Univ.  of  Virginia. 

Observations  of  the  Solar  Eclipse,  1807  July  2S 16 

"  "  Mimas  and  Enceladus 55 

Sun's    Equatorial   Acceleration    and    Sunspot    Period,    (in   the 

Causes  of,  by  Wilczynski 57 

Sunspot  Observations,  by  Lyon,  1897  July  1-Dec.  31 179 

"  Morgan,  1896  Aug.  22-1807  June  30,       7 
"  Quimbt,  1S97  July  1-Dec.  31   ...   .    134 
Suspected  Variables. 

—  Orionis,  Observations  by  Leavenworth 48,  02 

(2903)  —  Cancri,  Observations  by  H.  M.  Parkhurst  .    .      14 
DM.  10°2233,  "  "  II.  M.  PABKHTJBStr  .    .       15 

DM.  7°242.j,  "  "   II.  M.  PABKHUBST  .    .       15 

(1472)  —  Comae,  "  "  J.  A.  Parkhurst    .    .      32 

Oe.  Arg.  102S8,  "  "  Wright 136 

(50K'.)  6  Apodis,  "  "  Williams 72 

Cord.  Z.C.  XVI,  2278,  "  "  Wright 130 


Suspected  Variables.  —  Cont. 

Esp.    Bll  in.  Ii  10,  A  in lieeuieiit  IjV  ESPIN        141 

Esp.  oil,  "  "   Espin 141 

Swift,  I'm!.  Lewis,  Lowe  Observatory,  Los  Angeles,  Calif. 

List  No.  5  of  n  el  hi  las  Discovered  at  the  Lowe  Observatorj     1 1 1 

List    No.  Ii  "  "  '•  "  ••  ■'  135 

T. 

Tabbox,  Miss  Marj  E.,  Vassar  College,  Poughkeepsie,  NT.T. 

Observations  of  Minor  Planets 8,  109 

TEBBl   if,  .Mr.  John,  Windsor,   N.S.W  . 

Observations  of  Minor  Planet  (194)  Prokne 92 

Telescope. 

Fundamental  optical  Defect  in  the  Images  Formed  by  a 

Parabolic  Reflector,  by  Schaebeble :;:, 

Effect  of  the  size  of  an  Objective  on  the  Visibility  of 

Linear  Markings  on  the  Planets,  by  \\  idbwobtb    .   .      n 
Worthlessness  of  a  Proposed  Form,  by  Schaebeble  .   .      87 

Aberration  of  Parabolic  Mirrors,  by  Poob 89,98 

Criticism   of  some   Recent  Theoretical    Results  of   Prof. 

Wadswobth   Relating  to  Theorj    of    [mages  in,   by 

Schaebeble 102 

Aberration  of  Parabolic  Mirrors,  by  Schaebeble    ...    110 
Error  in  the  Expression  for  Intensity  of  Illumination  at  the 

Focal  Plane  Due  to  an  Infinitely  Extended  Luminous 

Area,  by  Wadswobth [24 

Intensity  of  the  [mage  of  an  Infinite  Luminous  Area,  by 

Schaebeble 152 

TOWNLEY,  Mi-.  Sidney  D.,  Detroit  Observatory,  Ann  Arbor,  .Mich. 

Observations  of  the  Partial  Solar  Eclipse,  189*7  July  28     .       31 

Filar-Micrometer  Observations  of  (10)  Psyche 176 

Tucker,  Prof.  R.  IL,  Lick  Observatory,  Ml.  Hamilton,  California. 
Corrections  to  the  Article"  Observed  Places  of  310  Epheme- 

ris  Stars"  in  No.  408 56 

Comparison  of  the  Cordoba  General  Catalogue  with  Lick 

Observatory  310  Stars 70 

observations  of  Comet  b  1897 63,  88 

Meridian-Circle   Observations   of    Comparison   Stars    for 
Comet  6  1897 -112 

U. 
University  of  Virginia,  —  L.  McCormick  Observatory. 

Sunspot  Observations,  1896  Aug.  22-1897  June 30  .    ...  7 

observation  of  Partial  Solar  Eclipse,  1897July28        .    .  16 

"            "   Satellites  of  Saturn ."..',,  69,  143.  177 

"            "    Comet  b  1897 lis 

"            "   Sunspots 170 

University  Park,  Colorado,  —  Chamberlin  Observatory. 

Observations  of  Comet  1896  VI  (1889  V) 17 

Updegraff,  Prof.  Milton,  Laws  Observatory,  Columbia,  Mo. 

Observations  of  Partial  Solar  Eclipse,  1807  July  28   ...  46 

Uranus,  Satellites  of,  Observations  by  Schaebeble 5 

V. 

Variable  Stars. 

Epbemeris  of  Long-Period,  for  1808,  by  Chandler  ...      04 
103  T  Andromedae,  Observations  by  II.  M.  Parkhurst,  218 

Observations  by  J.  A.  Parkhurst 142 

Observations  by  Perry .    .     21s 

Observations  by  Sperra 150 

Elements  by  Chandler 04 

119  U  Andromedae,  Observations  by  H.  M.  Parkhurst,  21s 
observations  by  PlIRRY 219' 
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Variable  Stars.  —  Cont. 

267  i                                  vations  by  J.  A.  Parkui  rsi  .  80 

Observations  bj  Viamu 62 

Elements  by  Chandler 94 

?  Antliae,  Light-Variations  of ,  by  Sferra    ....  88 

5319  S                    servations  by  Williams 72 

8512  /;  Aquarii,  Observations  bj  II.  SI.  Parkhurst    .   .  218 

ins  bj  II    W.  Parkhi  rsi     .  .  218 

Observations  by  Pbrrt 218 

7450  V Aquarii,  Observations  by  H.  M.  Parkhursi     .   .  131 

ins    .  Pi  rrv 13:! 

7448  W  Aquarii,  Observations  by  H.  M.  Parkhurst   .   .  131 

i,  Observations  bj  11    M    Parkhursi    .   .  818 

7436  Y  Aquarii,  Observations  by  H.  M.  Parkhurst   .   .  131 

S  Aquilae,  Observations  by  II.  M.  Parkhurst   .   .  100 

7242  5  AquUae,  Observations  by  H.  M    Parkhurst   .   .  131 

ations  by  Perry     132 

iservattons  by  ll.  Si.  Parkhursi    .   .  100 

rations  by  Pbrrt 101 

7ii-  X AquUae,  Observations  by  H.  M.  Parkhurst    .   .  131 

7260  Z  Aquilae,  Observations  by  H.  M.  Parkhurst    .   .  131 

Observations  bj  Pbrrt     182 

7155  BJ                    ibservations  by  H.  M.  Parkhurst  .   .  131 

7162  RS Aquilae,  Observations  by H.  M.  Parkhurst.   .  131 

5287  /.'  Bootis,  Observations  by  II.  M.  Parkhurst  ...  50 

Observations  by  Perry     51 

Observations  bj  Sferra 178 

6157  8  Bootis,  Observations  by  Sferra 160 

5338  r  B ■■■■.'-   Observations  by  H.  M.  Parkhurst  .   .   .  50 

Observations  by  Perry 51 

Comparison-Stars  for,  by  II.  M.  PaRKHURST  ...  51 

5194  V  Bootis,  Observations  by  H.  M.  Parkhurst  ...  49 

Observations  by  Perry 51 

5144   1"  limit  is.  Observations  by  II.  SI.  Parkhurst    ...  49 

1662  /.             I    iservations  by  West 47 

1981  Si  Camelopardalis,  Observations  by  Sferra   ....  160 

2946  /.'  Cancri,  Observations  by  H.  SI.  Parkhurst  ...  14 

3060  U  Cancri,  Observations  by  H.  M.  Parkhurst  .   .  .  14 

Comparison-Stars  for,  by  H.  M.  Parkhurst  ...  15 

2976  V  Cancri,  Observations  by  H.  M.  Parkhurst  .   .   .  14 

3264  W  Cancri,  Observations  by  H.  M.  Parkhurst     .   .  14 

1948  fi  Canum  Venaticorwm,  Obsns.  by  ELM. Parkhi  rsi  19 

Observations  by  Pbrrt 50 

■        parison-Stars  for,  by  H.  M.  Parkhurst  .   .  .  51 

J  Canum  Venaticorum,  Observations  by  Perry  .   .  50 

4471  T  Canum  Venaticorum,  Conf'n  by  J.  A.  Parkhursi  128 

Observations  by  J.  A.  Parkhurst 142 

7234  l:  Capricorni,  observations  by  H.  SI.  Parkhurst   .  131 

7659  T  Capricorni,  Observations  by  H.  SI.  Parkhurst  .  218 

Observations  by  Perry 219 

7455  U  Capricorni,  Observations  by  EL  M.  Parkhurst  .  131 

Observations  by  Perry 133 

7571   V  Capricorni,  observations  by  II.  M.  Parkhurst  .  218 

72."c  W  Capricorni,  Observations  by  II.  M.  Parkhurst  .  131 

Comparison-Stars  for,  by  II.  SI.  Parkhurst     .    .  133 

7733  Y  Capricorni,  Observations  by  II.  M.  Parkhurst  .  218 

7590  Z  Capricorni,  Observations  by  H.  M.  Parkhursi    .  218 

3495  I  Carinae,  Observations  by  Williams 72 

3418/.                      servations  by  Williams 72 

4 32  8  Cassiopeae,  Elements  by  CHANDLER 94 

8324  V Cassiopeae,  Observations  by  J.  a.  Parkhurst,  30, 143 

Observation-  by  Ykndei.i 107 

294  W  Cassiopeae,  Elements  by  Chandler 94 


Variable  Stars.  —  Cont. 

659    !                      Observations  by  J.  A.  Parkhurst    .  SO 

Elements  by  Chandler 94 

4896  r  Centauri.  Observations  by  Pbrrt 49 

4225  X  Centauri,  Observations  by  Wesi 47 

4935  RT  Centauri,  Confirmation  by  West 46 

Observations  by  Wrighi 186 

B622  W  Ceti,  Observations  by  H.  M.  Parkhurst  .   .   .  .  218 

Observations  by  West 47 

2080  R  Columhae,  Observations  by  West 47 

l'm.v.i  .v  <'tiiitini„i,\  observations  by  West 47 

1894   I  •                  i  ibsei  vatlons  by  West 47 

4 : '  i .".  A'  Comae,  Observations  by  H.  M.  Parkhurst  ...  49 

Observations  by  J.  A.  PARKHURST 30 

Comparison-Stars  for,  by  J.  A.  Parkhurst  .   .  .  ",i 

5ij77>  V  Coronae,  Observations  by  H.  M.  Parkhurst  .   .  loo 

3934  JB  Crateris,  Observations  by  H.  M.  Parkhurst   .   .  IS 

7488  7  Cygni,  Observations  by  Duner 106 

Period  by  Duner 106 

745G  RR  Cygni,  Observation-,  by  II.   M.  PARKHURST      .    .  181 

Observations  by  Perry 138 

708",  ST  Cygni.  oliM-rvatioiis  by  ,1.  A.  Parkhurst  .    .  30,  142 

Observations  by  Sferra 1 78 

7351  B W Cygni,  Observations  by  H.  M.  Parkhurst   .  .  131 

7240  RY  Cygni,  Observations  by  H.  M.  Parkhurst    .  .  181 

7792  SSCygni,  Observations  by  II.  M.  Parkhurst  ...  218 

Observations  Wy  . I.  A.   PaRKHURST 30,142 

Observations  by  Perry 219 

Light-Carve  by  11.  M.  Parkhurst 218 

Cygni,   191'  40'"  49"  ,   +29°  1'.2  (1900),  Announce- 
ment, Elements  and   Light-Curve,  by  Muller 

and  Kempf 220 

7261  R  Delphini,  Observations  by  II.  SI.  Parkhurst  .   .  131 

Observations  by  Tendell 62 

Comparison-Stars  for,  by  II.  SI.  Parkhurst  .    .    .  188 

7431  8  Delphini,  Observations  by  H.  M.  Parkhurst  .   .  131 

7502  X  Delphini,  Observations  by  II.  SI.  Parkhurst  .  .  218 

1654  R  Doradus,  Observations  by  Williams 72 

5955  J?  Draconis,  Observations  by  Tendell 62 

6005  8  Draconis,  Observations  by  Ykndei.i 62,106 

1386  TRridani,  Observations  by  West 47 

1357  V Eridani,  Observations  by  WEST 47 

869  R  Fornacis,  Observations  by  West 47 

2404  X Geminorum,  Confirmation  by  J.  A.  Parkhurst  .  160 

7,770  R  Herculis,  Observation-  by  II.  SI.   Parkhursi    .    .  Ib0 

6044  S  Herculis.  Observations  by  II.  SI.  Parkhursi-    .   .  100 

6512  T Herculis.  Observations  by  II.  SI.  Parkhursi     .   .  100 

Observations  by  Pbrrt 101 

Observations  by  Ykndei.i 62 

5950  W Herculis,  Observations  by  II.  M.  PaRKHURST  .    .  100 

6442  Z  Herculis,  Observations  by  Duner 10.", 

Period  by  Duner 105 

5768  RR  Herculis,  Observations  by  Yendeli 106 

Observations  by  Sferra 17s 

6160  RT  Herculis,  Observations  by  II.  SI.  Parkhurst    .  100 

Observations  by  Ykndei.i C2 

Comparison-Stars  for,  by  II.  M.  Parkhurst  .    .   .  101 

5798  RV  Herculis,  Observations  by  J.  A.  Parkhurst  .   .  142 

6100  RVHerculis,  Confirmation  bj  J.  A.  Parkhurst.   .  38 

Observations  by  .1.  A.  Parkhurst 32 

4826  R  Hydrae,  Observations  by  H.  M.  Parkhurst  .   .  .  49 

Observations  by  Perry 50 

.,  Observations  by  II.  SI.  Parkhurst  .    .   .  14 
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Variable  Stars.  —  Cont. 

3184  THydrae,  Observations  by  II.  M.  Parkhorst  . 
Comparison-Stars  for,  by  II.  M.  Parkhorst 

3881    VHydrae,  Observations  by  II.  M.  PARKHORST  . 

Observations  by  Prrrt 

3425  X  Hydrae,  Observations  by  H.  M.  PaRKHORSI 

8153  B  Lacertae,  Observations  by  Pbrry 

8068  S  Lacertae,  Observations  by  Perry 

3493  B  Leonis,  Observations  by  II.  M.  Parkhhrst  .   . 

Comparison-Stars  for,  by  II.  M.  PARKHORST  .  .  . 
3994  8  Leonis,  Observations  by  H.  M.  Parkhorst  .   .   . 

Observations  by  PERRY 

41G0  T Leonis,  Observations  by  II.  M.  Parkhorst  .   .   . 

Comparison-Stars  for,  by  H.  M.  Parkhorst     .    . 

3712  U  Leonis,  Observations  by  H,  M.  Parkhurst  .    .    . 

3567  V  Leonis,  Observations  by  H.  M.  Parkhorst  .   .  . 

Observations  by  Perry 

3890  W Leonis,  Observations  by  H.  M.  Parkhurst  .  .  . 
3477  B  Leonis  minoris,  Observations  byH.  M.  PARKHORST 
5688  SLibrae,  Observations  by  H.  M.  Parkhorst  .   .   . 

5494  S Librae,  Observations  by  Perry 

5249  V  Libra,,  Observations  by  H.  M.  Parkhorst  .  .  . 
5593  WLibrae,  Observations  by  II.  M.  Parkhorst  .   .  . 

Observations  by  Perry 

Comparison-Stars  for,  by  H.  M.  Parkhorst  .  .  . 
5583  X  Librae,  Observations  by  H.  M.  Parkhurst  .  .  . 
5704  BR  Librae,  Observations  by  H.  M.  Parkhorst  .  . 
5511  RS  Librae,  Observations  by  H.  M.  Parkhurst  .  . 
5405  RT  Librae,  Observations  by  H.  M.  Parkhurst  .  . 
6894  S  Lyrae,  Observations  by  H.  M.  Parkhurst  .  .  . 
6940  ULyrae,  Observations  by  H.  M.  Parkhurst  .  .  . 
6871  V Lyrae,  Observations  by  H.  M.  Parkhurst    .   .    . 

Observations  by  J.  A.  Parkhurst 

6549  W  Lyrae,  Observations  by  J.  A.  Parkhurst  .  .  30, 
7404  R  Microscopii,  Observations  by  H.  M.  Parkhurst  . 

7685  S  Microscopii,  Confirmation  by  West 

4536  R  Muscne,  Observations  by  Williams 

5887  V  Ophiuchi,  Observations   by  H.  M.  Parkhurst     . 

Observations  by  Perry 

6682  X  Ophiuchi,  Observations  by  II.  M.  Parkhorst  .   . 

Observations  by  Perry 

Comparison-Stars  for,  by  H.  M.  Parkhurst  .  .  . 
6207  Z  Ophiuchi,  Observations  by  II.  M.  Parkhurst  .   . 

observations  by  J.  A.  Parkhurst 

2100  U  Ononis,  Observations  by  Sperra 

6760  k  Pavonis,  Observations  by  Williams 

8373  S  Pegasi,  Observations  by  Perry  .    ........ 

7944  7'  Pegasi,  Observations  by  H.  M.  Parkhurst  .  .  . 
8598  U  Pegasi,  Nature  of  Variations  by  Chandler  .  . 
7896  V  Pegasi,  Observations  by  H.  M.  Parkhurst  .  .  . 
8369  WPegasi,  Observations  by  H.  M.  Parkhorst  .   .   . 

Observations  by  Perry 

observations  by  Yendell 

678  U  Persei,  Observations  by  J.  A.  Parkhurst    .      30, 
4GG  UPiscium,  Observations  by  H.  M.  Parkhurst     .    . 

2583  L,  Puppis,  Observations  by  Williams 

2776  W  Puppis,  Observations  by  West 

2689  Z  Puppis,  Confirmation  by  H.  M.  Parkhurst  .   .    . 

Observations  by  Perry 

3244  S  Pyxidis,  Observations  by  West 

Elements  by  Chandler 

7257  R  Sagittae,  Observations  by  Yendell 

6905  R  Sagittarii,  Observations  by  H.  M.  Parkhurst  .   . 
Observations  by  Perry ■ 


14 
15 
14 
218 
218 
14 
15 
14 
15 
14 
15 
14 
14 
15 
14 
14 
100 
50 
50 
100 
100 
101 
50 
100 
50 
50 
100 
131 
100 
142 
142 
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4G 
72 
100 
100 
100 
101 
101 
100 
142 
160 
72 
218 
218 
140 
218 
218 
218 
107 
142 
218 

47 
160 
160 
47 
94 
107 
131 
132 


Variable  Stars.  —  Cont. 

6921  S  Sagittarii,  Observations  by  H.  M.  Parkhurst  .   .    131 

Comparison-Stars  for,  by  IT.  M.  Paukhurst     .    .     133 

6903  T  Sagittarii,  Observations  by  H.  M.  Parkhorst    .    131 

Observations  by  Perry 131 

Comparison-Stars  for,  by  II.  M.  PARKHURST  .  .  .  I:::! 
7139  BB  Sagittarii,  Observations  by  II.  M.  Parkhorst  .  131 
6888  RW  Sagittarii,  Observations  by  II.  M.  Parkhorst  .     100 

Observations  by  Perry 101,  131 

Comparison-Stars  for,  by  II.  M.  Parkhorst  ...  101 
6892  BX  Sagittarii, Observations  by  II.  M.  ParkhoiIbt  .    101 

Observations  by  Perry 101,131 

Comparison-Stars  for,  by  H.  M.  PARKHURSff  .    .    .     101 

6901  BY  Sagittarii,  Observations  by  Innes 133 

6830  B  Seorpii,  Observations  by  H.  M.  Parkhorst  .  .  .  loo 
5831  S  Scorpii,  Observations  by  H.  M.  Parkhurst  .  .  .  100 
5795  W Seorpii,  Observations  by  II.  M.  Parkhurst  .  .  .  100 
5776  XScorpii,  Observations  by  H.  M.  Parkhorst  .   .   .    100 

5762  BZ  Seorpii,  Confirmation  by  West 46 

Observations  by  Wright 136 

G053  £,9  Scorpii,  Confirmation  by  Innks 133 

62  S  Sculptoris,  Observations  by  West 47 

146  T Sculptoris,  Observations  by  West 47 

Elements  by  Chandler 94 

268  .V  Sculptoris,  Elements  by  Chandler 94 

6733  B  Scuti,  Observations  by  Yendell 10G 

5677  B  Serpentis,  Observations  by  Yendeli 10G 

5501  S  Serpentis,  Observations  by  H.  M.  Parkhurst  .    .     ,60 

Observations  by  Perry 51 

Observations  by  Yendeli G2 

54G5  B  TrianguliAustralis,  Observations  by  Williams  .      72 

4511  T  Ursae  Majoris,  Observations  by  Yendeli Gl 

5601  S  Ursae  minoris,  Obsns.  by  .1.  A.  Paukhurst  .    .  30.  142  . 

3409  V  Velorum,  observations. by  Williams 72 

4521  B  Virginis.  Observations  by  Perry 49 

Observations  by  Sperra 1G0 

Observations  by  Yendeli Gl 

4847  S  Virginis,  Observations  by  H.  M.  Parkhurst    .    .      49 

Observations  by  Perry 50 

Observations  by  Yendeli 61 

4377  T  Virginis,  Observations  by  H.  M.  Parkhurst    .   .     49 

Observations  by  Perry 50 

4596  U  Virginis,  Observations  by  II.  M.  Parkhurst  .  .  49 
4300  X  Virginis,  Observations  by  H.  M.  Parkhorst  .  .  15 
4492  Y  Virginis,  Observations  by  H.  M.  Parkhurst   .    .      49 

Observations  by  Perry 50 

Comparison-Stars  for,  by  II.  M.  Parkhurst  .  .  .  51 
5174  BS  Virginis,  Observations  by  H.  M.  Parkhurst  .  49 
4573  BU  Virginis,  Confirmation  by  H.  M.  Parkhurst    .      49 

Elements  by  Chandler 94 

75G0  B  Vulpeculae,  Observations  by  II.  M.  Parkhurst  .    218 

Observations  by  Perry 218 

Observations  by  Yendeli G2 

Vulpeculae,  19h  32™  15"  ,  +20°  G'.6  (1900),  An- 
nouncement, Elements  and  Light-Curve,  by  Mul- 
ler  and  Kempf 22° 

Vega,  —  see  a  Lyrae. 

Velocities,  Note  on,  by  Hali I39 

Penus.SecnlarPerturbationsbyActionof  .1/,  rcury,by  Ho,, little      1 
<i  •■  "  Mars,  by  Doolittle  .      73 

,,  •■  "  Earth,  by  Doolittle  .    156 
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W 
\V  lds worth,  Mr.  K.  I.,  i  >..  ferkea  c  tbsei  v  atorj  .  Williams  Baj .  Wise. 

(in  the  Effect  of  the  Size  of  anObjectivi the  Visibility 

of  Linear  Markings  on  the  Planets 41 

Note  on  an  Error  in  the  Expression  for  the  Intensity  of 
Illumination  at  the  Focal  Plane  of  a  Telescope  Due  to 

an  Infinitely  Extended  Luminous  Area 124 

Wagner,  Miss  Marj  S.,  1  niversitj  of  Minnesota,  Minneapolis. 

Double-Star  Measures IS 
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